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I. — Opening Address. On some points in the Early History 
of the Society. By the President, Archibald Barr, D.Sc, 
M.Inst.C.E., Professor of Engineering in the University of 
Glasgow. 



[Read before the Society, 5th November, 1902.] 



Gentlemen, — In rising to address you this evening 1 can find no 
fitting excuse to tender for my temerity in accepting the position 
in which I find myself. I can only say that I appreciate highly 
the honour which you did me a year ago, in electing me your 
President for a term of office that carries with it responsibilities of 
a very special kind. 

When I recall the names of men of the highest eminence, who 
in years past have honoured this office by their services, and yet 
deemed it an honour to be permitted to occupy this chair, I well 
know that you cannot expect me to fill the place they have left. 
Nor is it necessary that 1 should. The services they and others 
have rendered to the Society have made it what it is to-day, and 
now that it can cherish the tradition of 100 years of fruitful work, 
the continuation of its prosperity is assured, and its future will 
depend little upon what the President may do or leave undone, 
but much upon the hearty co-operation of all the members in its 
work, the wisdom of its councillors, and the zeal of its more 
permanent officers. Being well assured of the security of our 
position in these latter respects, I felt that I might accept 
the honour you offered me, conscious that I possessed one 
qualification for the office, — a genuine interest in the welfare of 
the Society. Nevertheless, I feel deeply the responsibilities of 
the position to which you elected me, and again I thank you for 
the confidence you have reposed in me, and the honour you have 
done me. 

VOL. xxxiv. A 
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To-night veL think of the Philosophical Society of Glasgow as 
somethingAp^t from ourselves; we recognise the continuity ot 
its life, wlait^ we, its members, come and go. We congratulate 
our Sogiety upon the completion of a Century of work that has 
xfl&^t •taany permanent contributions to the sum of human 
"•Krwvvledge, and done much for the advancement of the arts, and of 
Viian's command over the forces of nature. 

" Several gentlemen of this city interested in the prosperity of 
the Trades and Manufactures of their country, and anxious for 
the improvement of the Arts and Sciences, thinking it would 
be of general advantage were a society established for the 
discussion of these subjects, agreed to send the following circular 
letter to a number of others whom they thought would support 
and countenance such an institution." Such are the opening 
words of this volume, the first minute-book of the Society. I 
show you on the screen a photograph of the circular referred to. 
From the date which the circular bears you will see that it was 
issued ICO years ago to-day. 

Sir, 

A number of Gentlemen thinking that it would 
be of general advantage were a Society eflabliflied here for 
the difcuflion of Subjedls connected folely with the Arts and 
Sciences, propofe the following as an outline of the Plan : — 
That the Society fliall meet once a-week during the Winter and 
once a-fortnight during the remainder of the year, in fomc con- 
venient place, for the purpofe of exhibiting Models of Machinery 
and of converting together on any improvements that may ha\ e 
taken place or may be propofed in the Arts and Sciences ; and 
where thofe who choofe may have an opportunity of reading 
Effays on ihefe Subjects. 

Should the above Scheme receive your approbation, 
your prefence in the Prince of Wales* Tavern, on Tuefday firft, 
the 9th, inftant, at feven o'clock in the evening, to conflitute 
the Society and to appoint a Prefes and Managers, is requcfled 
by the Committee named to carry the Plan into effect. 

yohn Roberton. 
Glafgow, 5th. Nov., 1802. William Doiiglas. 

Peter Nicholscii. 

Printed by Win. Reid 6- Co. 
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If we try to place ourselves in the position of that small group 
of men — earnest and thoughtful men as they were — I think we shall 
feel that they could not have imagined that, loo years later, their 
action would be looked back upon with more than interest by a 
society numbering i,ooo members, treasuring traditions of which 
any institution devoted to the progress of the Arts and Sciences 
might well be proud, and looking forward and according a wel- 
come to representatives of learned societies from all parts of the 
kingdom, who would come here to do honour to their memory. 

In accordance with the circular above quoted, the first meeting 
of the Society was held on the 9th November, 1802, when 22 
representative citizens responded to the call. At the next 
meeting, held a week later, a ** Plan of the Glasgow Philosophical 
Society," was submitted, and approved, and 62 signatures 
were appended to it. Among the names of the original members 
we find many that came to be widely known, and are still remem- 
bered in Glasgow, and far beyond its borders. I shall refer only 
to a few, but these names will suffice to show the stuff of which 
the Society was made in its beginning. 

The first name is that of Dr Monteith, a Medical Practitioner 
in the city, the second is that of Dr George Birkbeck, afterwards 
a Professor in the Andersonian College, and the founder of the 
first Mechanics Institution in the kingdom — surely claim enough 
to be remembered. There follow the names of Dr Patrick Cumin, 
Professor of Oriental Languages in the University; David Muschet, 
who discovered the value of the " wild coals " (black band iron- 
stone), and may thus be said to be the founder of the Iron Trade of 
Scotland, and who made many other valuable contributions to 
both the science and practice of metallurgy ; George Mlntosh — a 
name which gave rise to one of the earliest of our " nominants," 
or " nickwords," or whatever they may ultimately be called by 
Philologists; — his mantles have fallen upon all our shoulders, 
worthy and unworthy alike ; Dr William Meikleham, the 
Professor of Astronomy, and afterwards of Natural Philosophy, in 
our University ; Kenneth Mathieson, the builder of many import- 
ant bridges and buildings in the West of Scotland; John 
Roberton, who seems to have been the chief founder of the 
Society, believed to have been the inventor of the self-acting 
lathe, and, as it would appear from our records, the inventor also 
of the elongated bullet now universally used in rifled guns ; Peter 
Nicholson, an author of several works on Mathematics and 
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Architecture ; James Boaz, for 26 years the Secretary of the 
Society ; David Hamilton, the Architect of the Royal Exchange, 
Hutchesons' Hospital, and other pubhc buildings ; John Napier, 
whose son and nephew became so widely known in connection 
with the greatest of our local industries ; Robertson Buchanan, 
Civil Engineer, who is credited with the invention of the feathering 
paddle wheel ; and Charles Tennant, the introducer of bleaching 
powder, if not its discoverer, and founder of a great industry. 
There are many other names that are well worthy of places in the 
history of the city. Surely such a list is sufficient to show not 
only that our Society was founded by men of mark, but that 
it was to no narrow clique that it owed its origin. 

At the meeting on December 8th, the first council was elected, 
Professor Meikleham was chosen to be the first President, Mr 
Roberton Vice-President, and several of those I have named 
Directors of the new society. 

In addressing you from this chair in 1893, your President, 
Professor Ferguson, referred to the opportunity which would be 
afforded to someone, his successor in office a few years later, to 
describe in detail the 100 years work of the Society. I am glad 
that Professor Ferguson exhibited none of the rashness of a 
prophet in his guarded reference to an old pupil of his own. He 
spoke only of the very evident opportunity that would be afforded 
to the unknown someone who would address you this evening, 
and made no promise that I should even attempt a task in the 
performance of which — prudently I think — he forbore to forestall 
me. To deal adequately with the work the Society has accom- 
plished — to treat it, let me say, in a manner that would commend 
itself to a philosophical historian like our first lecturer of the new 
century —would mean nothing less than to write a history of the 
progress of Science, and the development of the Industrial Arts 
during the Nineteenth Century ; for no account of the contribu- 
tions, that' have been made by our predecessors here to the 
advancement of Science and of the Arts, would be comprehensible, 
unless it were made with full reference to the general progress of 
knowledge. And what a task it would be for any man to attempt 
to trace the progress of all the Sciences, and the development of 
all the Arts of which this Society has taken cognisance, and in 
which it has had its part ! No, I need hardly say, I lay no claim 
to the possession of the first qualification for such an undertaking. 
I would make a much more practical suggestion. Might we not 
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mark the completion of a hundred years of work, in very various 
fields of study and of action, by getting members especially 
qualified to speak on each branch of knowledge that comes within 
the Society's scheme, to lecture to us — or better, to lecture to 
more extended audiences under our auspices — on the chief land- 
marks of the advance that has been made during the century, in 
the departments which they respectively have made their own ? 
I can imagine no course of science lectures that would be more 
profitable and inspiring to us all, than one organised on such lines 
as these. 

But it may be appropriate for us to recall — if only in a negative 
aspect, and in the merest outline — the state of Science and of 
the Arts during the early years of the century, the completion of 
which we celebrate to-night. 

When we contrast the knowledge of the laws of nature available 
to us, with that within the reach of the founders of our Institution, 
or the conditions of life a hundred years ago, with those of to-day, 
we cannot fail to be impressed with a feeling of our remoteness 
in time from those who first met under the name of the Glasgow 
Philosophical Society. Lavoisier had just completed his labours 
in founding his system of Chemistry, Dalton had not yet placed 
the atomic theory on a broad and sure basis. The science of 
heat had not been emancipated from the incubus of the doctrine 
of a material caloric — the foundations of Thermodynamics were 
yet to be laid, largely by members of this Society, not then born. 
Electricity was hardly known, and had practically no applications. 
The methods of spectrum analysis were not to be at the service 
of the chemist and astronomer for nearly a quarter of a century — 
the marvellous advances in Physical Astronomy which have been 
made by their aid are beyond what the most sanguine physicist or 
astronomer of those days could have dreamt of. Geology had 
hardly begun to be a science. Medicine lacked much of the 
scientific basis, and many of the most important materials upon 
which modern practice rests. Chloroform only came to the 
rescue of suffering humanity half a century later, and antiseptic 
surgery, which had its beginning in our own midst, is, compara- 
tively speaking, a discovery or invention of yesterday. 

The steam engine was only beginning to exert its all powerful 
influence on the progress of civilisation ; the first crude attempt 
at steam navigation had only just been made ; 23 years were to 
elapse before the first steam railway would be opened. Towns 
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and cities were lighted, or their darkness made visible, at the best^ 
by oil lamps; the first public exhibition of lighting by gas had been 
made a month or two before the date of the foundation of the 
Society. Glasgow, with over 100,000 inhabitants, depended en- 
tirely upon wells for its water supply. The Clyde was still a river, 
cleaner no doubt than our great Canal is to-day, but of little or no 
importance in the world's qommerce. 

Such reflections — and the list of equally notable contrasts 
between then and now could be almost indefinitely extended — 
must impress us with the vastness of the change that science has 
wrought in the knowledge and life of man during this period, 
short as it is in the history of human endeavour. And yet we 
have not far to seek for a circumstance that will bring home to us 
to-night with equal force, a sense of our nearness to those who 
founded the Society. As we have seen, the first President was 
Dr Wm Meikleham, Professor of Astronomy in the University of 
of Glasgow, already in the third session of his occupancy of the 
chair. Two years later he was transferred to the chair of Natural 
Philosophy, in which he was succeeded by Professor William 
Thomson, B.A., who will next week join us in our Centenary 
celebrations. The working life times, in our own midst, of two 
exponents of the Science of Natural Philosophy have therefore 
covered the whole extent of the lifetime of our Society. It is the 
fervent prayer of all of us that many more years will yet run their 
course, and add their quota to the progress of science, ere so 
cherished a tie is severed. 

I have before me the first minute book of the Glasgow Philoso- 
phical Society. It was carefully kept, and is carefully preserved. 
In it we may read the record of the first 44 years of the Society's 
work. As I have said, I shall not attempt to trace the course of 
that work through the century, nor even that portion of it — more 
than one third — that is not covered by the published proceedings. 
You already have, in the 4th volume of the Proceedings, two 
admirable papers by Mr Keddie dealing with the early history of 
the Society, and in his presidential address, delivered in 1880, the 
late Dr Fergus — the father of our esteemed and indefatigable Hon. 
Secretary — gave a most interesting narrative of the first five years 
of the Society's work. I may, however, endeavour to indicate the 
manner in which the work was begun. 

At the meeting on 29th December, 1802, which fifteen mem- 
bers attended, "the President read an introductory discourse, 
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with which the meeting were highly gratified and entertained. 
They considered it of importance and tending to promote the 
views of the Society ; and therefore requested that Dr Meikleham 
would allow it to be inserted in their records." 

" It having been proposed by the Vice-President to read at the 
next meeting, * An essay on the advantages to be derived from 
heating cotton works, drying houses, etc., on an improved plan, 
in which he would point out the cause why many attempts in the 
modes generally adopted had been unsuccessful, and also point 
out the remedy," the President, in terms of the 9th article of 
the Regulations, authorised Mr Roberton to read the said essay. 
Accordingly at the next meeting, held on 5th January, 1803, Mr 
Roberton read his essay. With the essay the meeting were much 
pleased, and as they considered it of importance they requested 
Mr Roberton to permit the insertion of it in the books of the 
Society. To this he consented, and the same is appointed to be 
engrossed accordingly." 

The latter part of this minute refers to the loth clause of the 
"Regulations," which were passed at the meeting held on 29th 
December, 1802, already referred to. This clause was as follows : — 

" Every essay shall, if the Society or a Committee appointed by 
them approve of it, and if the person to whom it belongs has no 
objection, be transcribed at the expense of the Society, into a 
book kept for that purpose under the direction of the Secretary." 

The regulations further provided that this book, along with the 
minute book, and a book in which every member should " have 
the liberty of jotting down any queries or observations he may 
think likely to lead to any improvement in the arts, etc.," are to 
be kept in the Society's rooms, and " out of which they shall 
never, on any pretence, be taken, except when the Secretary and 
other managers may judge it proper, for the convenience of insert- 
ing any transactions of the Society." 

There are frequent references in subsequent minutes to essays 
being approved for preservation in the Essay Book. In the Receipt 
Book before us there is a discharged bill containing the items : — 
1803. Jan. 26th. — Minute Book of 4 quires, 

Demy full bound, - - - ;^o 18 9 

Feb. 3rd. — Essay Book of 3 quire Fool- 
scap, full bound, - - - 090 
Members Book of 3 quire 
Foolscap, full bound, - 090 
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It appears, therefore, that an essay book was procured, but 
whether it was ever used or not I have been unable to discover. 
At any rate it would seem that the essays were not inserted in it 
at all promptly, for in the Minute Book before us, under the date, 
5 th December, 1 804, — two years after the passing of the regulations 
referred to — we find a proposal " that all the essays delivered from 
the commencement of this Society, should be engrossed in a book 
for the purpose, and the Secretary requested to write the Essayists 
to forward copies of their respective essays within one month of 
this date if possible." 

In the Receipt Book under date 1805, we find that Wm 
Morrison was paid 5/4 ** To copying Essay on the modes of heat- 
ing Cotton Mills, 16 pages." Whether this copy of the first essay 
submitted to the Society was made in the Essay Book, or as a 
separate pamphlet, does not appear. Of the Essay Book itself we 
have now no trace, and all that remains to us of the papers read 
up till 1 841, is to be found in the minute book before us. In 
this book we find interesting notes, frequently accompanied by neat 
illustrative sketches, of the principal points in many of the essays 
read from the year 181 5 down to 1841, when the published 
Proceedings begin. Of the papers read before 18 15, we know 
little more than the titles. 

Following upon the reading of Mr Roberton s paper above referred 
to, the Chairman, in conformity with the regulations, " asked the 
Members if any of them was disposed to read at the next meeting 
an Essay to the Society : but no one having offered, Mr Thoms 
was requested to do so. It is recorded in the minute of the next 
meeting — 12th January, 1803, that " Mr Thoms having failed to 
bring forward his Essay, it was proposed that the one read by Mr 
Roberton on the former evening should again be read, which was 
done accordingly." On various occasions a similar expedient for 
filling a gap seems to have been resorted to. Not content with 
devoting two meetings to the first paper, it is recorded that the 
next meeting " heard Mr Roberton further on the same subject, 
and witnessed an experiment performed upon a model illustrative 
of his observations." 

The next evening of meeting, 26th January, 1803, was devoted 
exclusively to the getting in of subscriptions, an operation that 
seems to have been effected with considerable difficulty in the 
earlier years of our history, but it is stated in the Minutes, that on 
the occasion of this first call all the members present " paid up." 
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On 2nd February, an Essay on "Roofing" was read, and it was pro- 
posed that at the next meeting the subject of conversation 
should be ** The best method of supplying the City of Glasgow 
with water." 

It is unnecessary to follow further the records of meetings 
seriatim. The Minute Book itself will, I trust, be carefully pre- 
served, in the future as in the past, and the published papers to 
which I have referred place the leading facts before us in a more 
accessible form. 

There follow in order at subsequent meetings — with many blank 
nights — papers on : — 

"Undershot Water Wheels," "Pumps," "Prevention of 
Smoak" (sic)^ "Saving of Water in Canal Locks," "A Wooden 
Bridge," "Consumption of Smoke," "Telescopes and Steam 
Engines," " Patent Telegraph." 

It will be observed that all these papers, which bring us down 
to June, 1804 — or more than a year and a half of the Society's 
work — deal with matters in the domain of Applied Science. 

The first paper upon a subject in abstract Science was submitted 
on 6th June, 1804. Mr Roberton was again the path breaker. 
On that evening he " read an Essay on the forces of moving 
.bodies, with the measures applicable thereto," and demonstrated, 
by aid of a model, " that time as a measure of these forces, is not 
so necessary as is commonly apprehended." The minute pro- 
ceeds quaintly enough to state that, " The principles laid down by 
Mr Roberton were afterwards opposed by Mr Thorns and other 
members of the Society, who submitted also models illustrative of 
their principles. But although much discussion took place on the 
subject alluded to, nothing decisive ever took place." It would 
be most interesting, at the present day, when the distinctions 
between force, momentum, and energy are considered so funda- 
mental in Mechanical Philosophy to hear the various and 
contradictory views which our predecessors of a century ago 
expressed and demonstrated to their own satisfaction. 

It may be here noted that as late as 1842, Professor Gordon, in 
treating of dynamometers felt it necessary to demonstrate before the 
Society, "the fallacy of making the product of the effort^ and the 
duration the measure of mechanical effect," and showed that " it is 
the product of the effort and the distance through which it is exert- 
ed^ which should be obtained directly from a Dynamometer, and 
.not the quantity of motion^ as has been too frequently done." 
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There is a notable similarity between the last words of this 
quotation and the words • which Mr Roberton used 38 years 
earlier, and even in our own day, instances not infrequently occur 
of confusion of ideas on such fundamental principles of mechanics 
in the writings of so-called practical men. We may infer however 
that Mr Roberton, eminently practical man as he was, had 
troubled himself to understand at least the elements of the science 
of his profession. 

Mr Roberton returned to the same subject on i6th January, 
1805, exhibiting "an apparatus for measuring the force of bodies 
in motion," the consideration of which occupied two evenings. 
Meantime other papers had been read, one on "A Pistonless Pump," 
and one on *'Air Pumps." On February 13th, 1805, Mr Roberton 
came with another theoretical paper on a subject then engaging a 
great amount of attention among men of science. He read an 
essay on "Phlogiston." These few notes may serve to convey 
some idea of the manner in which the work of the Society was 
begun, and more especially of the contributions to the Society of 
the man to whom, it would appear, it principally owed its origin. 
Mr Roberton appears again and again at the meetings during 
the earlier years with papers on a great variety of subjects 
in Mechanics and Mechanical Philosophy. The minute of 28ih 
November, 1804, records a unanimous vote of thanks passed to 
him " for his unwearied assiduity and exertion not only in found- 
ing but bringing the Society to its present respectability." 

A few words upon some of the Society's properties may not be 
without interest at this time. 

At the meeting held on 8th June, 1803, a letter was read from 
Mr John Roberton (Vice-President), then in London, stating that 
he had " purchased a very good pair of globes, and several new 
publications on the Arts and Sciences, for the Society." The 
globes, which cost ;^i7 (with £^/^ 2s. 6d. for packing and carrriage), 
are still in the Society's possession. 

On 7th October, 1805, it was resolved to adopt a form of 
Diploma which had been submitted for approval at an earlier 
meeting, and it was further resolved " that a seal should be got 
cut for appending of affixing to the Diploma, but consideration of 
its device was deferred to a future period." I find no record of 
the date at which the device was settled upon, but we still possess 
the die used from about the date of the resolution quoted (see 
Plate I.), till August 23rd, 1901, when His Majesty the King. 
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signified his pleasure that the Society should thereafter be 
known as " The Royal Philosophical Society of Glasgow." 

The symbolical meaning of the device does not seem to have 
been recorded. It appeared to me that it probably represented 
the transit of a planet across the sun's disc, but why such a device 
should have been chosen was not at all evident. 1 therefore con- 
sulted Professor Becker, who identified th*e symbol of the planet 
Mercury, seen to the left of the disc — the symbol is not at all 
clearly shown on the new die now in use — and on looking up the 
records he found that a transit of Mercury took place on 9th 
November, 1802, the day on which the Society held its first 
meeting. Our seal thus commemorates the date of the founda- 
tion of the Society in a specially appropriate manner, in as much 
as it also serves to recall the fact that it was under the presidency 
of an Astronomer that the Society was started upon its 
career. 

This chair — another of our characteristic properties — is of a 
much later date. The minutes of 17th December, 1845, record 
that a sum not exceeding ;^35 was unanimously voted "for the 
purpose of procuring a chair for the President and a table for .the 
Hall." 

Subjects of local interest have had at all times during the 
Century a prominent place among the topics discussed. As we 
have seen the question of the best method of supplying the City 
with water, was raised at one of the earliest meetings, and the 
subject came up again and again in various forms. It may be 
noted that the first proposal to bring water from Loch Katrine for 
the supply of the City was made in 1845 by members of the 
Society — Professor Lewis Gordon and Mr Lawrence Hill, Junior. 
The scheme was promoted by a private company but abandoned. 
It was again revived in 1852 by members of the Society, Mr 
John Thomson, C.E., and Professor Macquorn Rankine. 

Discussions on lighting by gas occupied many evenings, and 
gave rise to much enthusiasm. Schemes for the improvement of 
the river and harbour were again and again brought forward, some 
of them, such as one " to render the Moleindennar Burn navigable 
as far as St Andrew's Square," seem quaint enough to-day. 

Not infrequently in the course of the early years the expected 
essayist failed to bring forward his papers, and for many meeting 
nights no essayist offered his services. An attempt was made to 
remedy this state of matters, by a somewhat novel method. 
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Under date, 6th March, 1809, we find a document in the following 
terms, signed by nine members. 

" In order to ensure a regular series of Philosophical Discussions, 
the subscribers engage to deliver each an essay in succession on 
Monday evenings weekly to commence reading at half-past eight. 

" Whenever the subscribers shall amount to twelve, lots shall 
be drawn for the order in which the essays shall be furnished. 
This, however, shall not prevent other members from delivering 
essays or making experiments on any night in the usual course of 
the Society. 

" Any gentleman failing in this engagement shall pay a fine of 
half-a-crown — the fines to be disposed of as the Subscribers shall 
agree." 

Notwithstanding this voluntary undertaking on the part of a 
section of the members, a more drastic form of compulsion had to 
be resorted to, it would seem, in 181 6, when a resolution was 
passed, " that a paper shall be read each evening by the members 
in rotation in the order of seniority of membership," but even this 
failed to prevent the occurrence of many blank meeting nights. 

The President in those early days must have had a power which 
some of his successors would gladly have inherited as a tradition 
in the Society. On 1 6th December, 1816, "The President (Dr 
Robert Watt), read his essay on the Natural History of Man, after 
which he requested the opinion on the subject, of each member, 
beginning with those on his left — thereafter each member 
delivered his sentiments as occurred. This mode met with 
universal approbation." 

It is a pity that the various sentiments expressed so freely are 
not preserved to us, especially when the subjects treated were 
such as to call forth the imaginative powers of the members, as 
for example when Mr Boaz, in 181 7 propounded for the con- 
sideration of the Society the question :—" As this age is famous 
for rising in the air by Balloons, and diving in the sea by Bells — 
what would be the result of boring deeper into the earth than ever 
was yet attempted?" No answer to the conundrum is 
recorded. 

In spite of all such attempts to maintain the interest and 
enthusiasm of the members, many meetings were held, the only 
record of which is that " nothing particular occurred.*' 

A whole year, from December 18 18 to December 18 19, is 
covered by a few Hnes in the Minute Book, but this was a time 
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when other matters were absorbing public attention. The great 
awakening or revival of popular interest in physical science, 
that marked the era of the invention of the steam engine, and of 
lighting by gas — if indeed it had not its origin in these and other 
epoch marking applications of Science to the Arts — had perhaps 
somewhat spent itself, and agitations for reform in political affairs 
had taken its place. 

After a year of meetings, at which no original papers were 
brought forward, the Society speedily recovered its vitality, and 
from [819 down to 1829 it seems to have carried on its work 
with energy — due in no small degree, to the energy and devotion 
of Mr Boaz, who, as I have already remarked, discharged the 
duties of the Secretaryship for 26 years. The length of his tenure 
of an Honorary Office in the Society, has been exceeded only by 
that of Mr John Mann, C.A., our venerable Honorary Treasurer, 
whose invaluable services have been most ungrudgingly given to 
the Society for 36 years, and we trust may yet be at our disposal 
for many years to come. 

It is, for the most part, to the labours of Mr Boaz that we owe 
the records in this Minute Book that preserve to us what we can 
learn of the proceedings of the Society in its early years. The last 
date under which the records are in his beautiful penmanship, is 
nth January, 1830. There follows a note of a meeting held on 
8th February, at which 7 members only attended, and then we 
find it stated that on 8th March, 1830, no meeting was held on 
account of the death of the secretary who had held office since 
1804. In May, 1830, the President laid on the table a copy of the 
Glasgow Free Press, containing an eloquent tribute to the mem- 
mory of Mr Boaz, from which I may quote the following 
passage, which is not without special interest and significance at 
a time such as this. 

'* There now remain few of those whose knowledge enlightened 
and whose virtues adorned the Society at the commencement; but 
even while recalling the death of the Secretary, and thus adding an- 
other to the melancholy list of the mortality of its members, it is 
consolatory to reflect that though individuals and societies rise, 
flourish and decay, Science still remains, and in its progressive 
improvement continues to add to the power, to multiply the enjoy- 
ments, and increase the happiness of mankind." 

The reference here to the decay of Societies may have been 
suggested to the writer by the low condition of vitality into which 
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this Society had fallen. Its meetings were attended about that 
time by only one or two members. 

During the year 1833, no meetings of the Society appear to 
have been held, but from 1834 onwards to the present day, the 
history of the Society is a record of continual advance. 

I wish I could have added here some references to the many 
men of distinction — to not a few of much more than distinction — 
who have brought to the meetings of the Society the results of 
their labours in Science and the Arts, and whose connection with 
the Society, and participation in its work, we treasure as the most 
valuable of our traditions. But time will not permit of my doing 
so. It would be little less than a list of all those, who during the 
Century, have occupied the most prominent positions in Science, 
or have otherwise been the leaders of intellectual life in the City. 

It may, however, be here noted, as of special interest and as 
conferring a very special distinction on our Society, that through- 
out the 60 years that are covered by our published volumes the 
individual contributor to whom we owe the largest number of 
papers is Lord Kelvin. The only member who has approached 
him in the number of contributions made to the Society is the 
late Mr James Bryce, LL.D., an enthusiastic geologist, the father 
of the Right Hon. James Bryce who has gained high distinction 
alike in the spheres of Politics and of Education. 

It is customary to divide Science, or the Sciences, into two 
divisions — Pure and Applied — and we have the authority of the 
Royal Commission on Scottish Universities for so doing. The 
distinction has no doubt its conveniences, but it can only be in 
the narrowest view of the progress of human knowledge and of 
the arts, that we could find a justification for the distinction as 
being in any sense a fundamental one. 

The first communication made to the Society by Lord Kelvin, 
was a "Notice of a Stirling Air Engine." (Vol. II. page 169.) 
In that paper the author called attention to Carnot's Theory, an 
account of which had previously been given to the Society by 
Professor Gordon, and he showed by consideration of the mode 
of operation of the engine that " water at 32°F could be converted 
into ice at 32°F, without the expenditure of any work." This led 
his brother, the late Professor James Thomson, to his remarkable 
discovery of the lowering of the freezing point of water by pressure 
— so often referred to as a notable instance of scientific deduction. 
The same line of study led Lord Kelvin to the invention — as I 
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think we may properly call it — of an absolute scale of temperature, 
which was the subject of his second communication to the 
Society. We may ask, was that first paper of Lord Kelvin's one 
of Pure or of Applied Science ? 

It was through a contemplation of the working of a model of 
Newcomen's Steam Engine, belonging to the Natural Philosophy 
department of the University, that James Watt was started on his 
career of invention, so fruitful in results of the most far-reaching 
importance in the arts, and it was through contemplation of the 
working of a model of Stirling's Air Engine, belonging to the 
same collection of apparatus, that Lord Kelvin was led to make 
some of his greatest contributions to the Science of Thermo- 
dynamics. I confess I fail to see any line of demarcation between 
Pure and Applied Science, when we consider such concrete 
examples as these. 

The founders of the Society seem to have taken little cognisance 
of any divergence of aims between those who study Science in its 
various aspects. They chose as their first President a Professor 
of Astronomy — the purest of the pure Sciences in the sense 
referred to, inasmuch as it has the fewest points of contact with, 
or of direct application to, the immediate needs of men — yet, as 
we have seen, under his presidency the meetings of the Society 
were devoted almost exclusively to the consideration of matters 
connected with the mechanical arts. 

You begin your second century of work under the Chairman- 
ship of one whose profession is essentially one of Applied Science, 
in the accepted meaning of the term, and to-night we are to hear 
a lecture on a subject perhaps as far removed from the domain of 
the Engineer as any that could be chosen within the wide 
field that is indicated by the name we bear. I trust that we may 
accept this as an augury for the future. Nothing could be further 
from my own wish than that there should be again at our meetings 
any preponderence of subjects dealing with the applications of 
science, as distinguished from investigation of its laws, or that 
we should look upon the title of our Society as having less than 
its very widest possible interpretation. 

There are now in our midst many Institutions devoted to 
special departments of Pure Science, to Medicine, and to the 
various branches of industry, Institutions that could hardly have 
been possible of formation loo years ago, so restricted, compara- 
tively speaking, was man's knowledge of nature then, and so little 
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could the conditions of success in the arts be reduced to 
communicable formulae. Our Society alone represents, in this 
city, the interdependence of the various branches of human know- 
ledge. In no narrowness of sympathy or of interest were the 
foundations of the Society laid, and a century of its work accom- 
plished, by those who have gone before us. Let us see to it that 
it may justly be said of us, that in the same spirit in which these 
men laboured, we are entered into their labours. 
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II. — TJie Corpuscular Theories of Gravitation, By J. W. Peck, 
M.A., Hon. Secretary of the Mathematical and Physical 
Section. 



[Read before the Society, 3rd December, 1902.] 



Among the problems which Nature presents, there is none more 
fascinating and none more baffling than that which relates to the 
mechanism of gravitational attraction. Natural Philosophy deals 
with many recondite subjects ; but here we have an agency whose 
action is the common experience of everyday life. There is 
nothing obscure in the phenomenon itself ; no special isolation, 
analysis or experimental skill is needed to exhibit its working. 
It is a force which determines nearly every act of our life. 

Yet in contrast with this wealth of experience, we find that 
as to the ultimate nature of the mechanism which produces these 
actions, nothing certain is known. Many hypotheses have been 
put forward, some almost metaphysical in their subtlety, others 
thoroughly scientific in their industrious and cautious develop- 
ment. Yet none have brought full conviction or offered any 
of that substantial justification which science demands in the 
hypotheses that are put before her. 

There is another general feature of this question, worthy of 
notice. Although we fail (or only partially succeed) when we 
attempt the construction of a process for gravitation, yet the 
quantitative laws which accompany that process are known with 
great accuracy. On the mathematical side, gravity is no insoluble 
riddle. We have, on the one hand, astronomical observations, 
and thus a continual supply of exact data which confirm the 
famous inductions of Kepler, and so the laws of gravitational 
action ; while on the other, the extensive range of pendulum 
experiments, torsion balance experiments, common balance 
experiments, give a constant verification of these laws as regards 
small bodies near the surface of this earth. In the hands of 
modern experimenters, such as Bessel, Boys, and Poynting, these 
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investigations have been carried to an extraordinarily high degree 
of accuracy ; probably higher than that of any other physical 
measurement. For example, determinations of gravity by the 
pendulum have an accuracy of i part in 500,000 ; the experiments 
of Boys^ with the torsion balance (the refined form of the 
Cavendish experiment) have an accuracy of i in 10,000. In 
Poynting's^ experiments upon the value of the mean density of 
the earth, the form of common balance used was so delicate that 
an increase in the weight of i part in 100 million, could be 
detected. The spring gravimeter of Professor Threlfall^ measures 
variations of " g " with a precision of i in 500,000 ; while to the 
«ame degree of accuracy Bessel showed that attraction is 
independent of the nature of the attracting bodies. So in all the 
range of experiments, by which the laws and characteristics of 
gravitational attraction have been elucidated, a very high degree 
of accuracy has been attained ; and no natural truths are more 
firmly and broadly based. 

Again, a very full mathematical theory of attraction has been 
worked out on the basis of the Newtonian laws; and in the motion 
of the tides, the attraction of hill ranges, the variation of gravity 
over the earth's surface, etc., this theory receives full confirmation. 
Yet against this plenitude and accuracy of observation and 
inference, there is very little to be set when a mechanism of the 
action is demanded. Even the group of corpuscular theories of 
which I am to speak to-night, though by far the most plausible 
approach to an explanation, still leave in the mind an impression 
of unreality hard to combat. Nevertheless it is interesting to 
trace the attempts at a solution of the ultimate nature of 
gravitation, and to exhibit the present state of opinion upon 
the problem. 

Making first a brief review of the matter, we may conveniently 
begin at the time of Newton (1680). Before then, the problem 
presented itself in a vaguer way ; for when the exact laws to be 
met by any hypothesis were not known, great opportunity was 
left for speculations which could be neither affirmed nor denied, 
compared nor disproved. Still, despite the fact that many of 

1 Proc. Roy. Instit. 14. part ii, p. 353, 1894, and Report Inter. Phys. 
Congress, Paris, 3, p. 321, 1900. 

2 Adams' Prize Essay, Cambridge 1893, and Nature 62, p. 403, Aug. 23, 1900. 
^ Phil. Trans , 193, p. 215, 1900. 



James W. Peck on Corpuscular Theories of Gravitation, 19 

these theories were of a fantastic nature, it is interesting to note 
that in several, a dynamical explanation in terms of the interven- 
ing medium was sought for the motion of the celestial bodies. 
The cycles and epicycles with which the heavens were " scribbled 
o'er " by the Ptolemaists, the crystal spheres of Aristotle, and the 
whirling vortices of Descartes, all exhibit a desire to apply 
common experience of kinematics and kinetics to the celestial 
mechanism. And so far as these methods reject an occult 
action at a distance (which would exclude thought from the 
intervening medium) to that extent they are in harmony with the 
modern attitude. 

But curiously enough this physical tendency in thought was 
overthrown by the advent of Newton. In 1682 he propounded 
his law of universal gravitation, and there at once arose a disre- 
gard for the medium, and a satisfaction with action at a distance. 
Gravitation came to bq considered as a first cause, a prime 
essential of matter, as invariably connected with it as inertia or 
extension, and as incapable as these of further explanation. Thus 
there arose the doctrine of action at a distance, which, so far 
from being obsolete in the epoch of Faraday, Clerk Maxwell, and 
Hertz, has had vigorous support both here and in Germany, during 
the last 30 years.^ Newton himself was opposed to this doctrine, 
although his gravitation law led to its development. In the oft 
quoted letter to Bentley he says — " That gravity should be innate, 
inherent, and essential to matter, so that one body may act on 
another body at a distance, through a vacuum, without the medi- 
ation of anything else by, and through which, their action and 
force may be conveyed from one to the other, is to me, so great 
an absurdity, that I believe no man who has in philosophical 
matters, a competent faculty of thinking, can ever fall into it." 

As if to enforce still further this opinion, Newton- himself 
attempted a dynamical explanation of gravity, by means of the 
differential pressures of a medium in which all bodies were 
supposed immersed. Nevertheless with his name became associ- 
ated the theory of the direct gravitational action at a distance, and 
his discovery of the laws of attraction upset all the physical notions 
of action through a medium, which were contained in the older 
speculations. Before Newton's time celestial niechanics, such as 

1 See Phil. Mag,, 1880- 1881, and "Ueker Fernewirkungen,'* Drude, Referat 
Giirdie 69 Versammlung deutscher Naturforscher und Aerzte Braunschweig, 
1897. 
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it was, was physical ; thereafter it became, for a time, more exclu- 
sively mathematical. An extract from one of Voltaire's letters, 
quoted by Whewell,^ gives an interesting picture of the change — 
" A Frenchman," he says, " who arrives in London, finds a great 
alteration in philosophy, as in other matters. He left the world 
full, he finds it empty. At Paris you see the universe composed 
of vortices of subtile matter ; in London we see nothing of the 
kind. Among Cartesians all is done by impulsion ; with the 
Newtonian, it is done by an attraction of which we know the 
cause no better." 

It was not long, however, before the " emptiness " on which 
Voltaire comments, became the subject of attack. Thinkers, 
unwilling to rest upon the physically barren (and to some views, 
unphilosophical) idea of direct distance action, began to put for- 
ward theories in which many kinds of mechanism were suggested. 
Now, however, any attempt must fit itself to the laws and 
characteristics enunciated by Newton. The field of legitimate 
hypothesis became much restricted. Yet speculation often rushed 
in where science feared to tread. Elastic media exerting stress, 
fluids of variable density, transmitting pressure, streams of particles 
acting by impacts, impalpable ethers conveying waves, these and 
many other types of action have been put forward. In the i8th 
century, we do not find very many theories, because the tendency 
during that period was, for the reasons we have seen, to give over 
gravity to the abstract mathematicians, and to regard action at a 
distance as the outpost, beyond which enquiry need not be pushed. 
But if there were not many, there was in that century one very 
notable hypothesis, which is the basis of the whole corpuscular 
group. This theory is worked out with an ingenuity of idea, and 
fulness of detail, which make it rank high among scientific works. 
I refer to the hypothesis of Lesage, to whom with Fatio and 
Redeker, belongs the credit of starting the impact view of the 
production of gravitational action. This theory is, in the opinion 
of the late Professor Tait- " The only plausible answer to this 
problem, which has yet been propounded." 

With the 19th century we have a great increase of the number 
of theories upon the subject; though in some quarters it was 

^ Whewell, History of the Inductive Sciences, v. 2, p. 102. 

^ Tait, Lectures on Physical Science, London 1876, p. 299, and Nature 14, 
p. 459, Sept. 21, 1876. 
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thought that all such theorising would tend to atheism. In 
a report of the Smithsonian^ Institution, which summarises the 
state of the problem up to 1876, there are mentioned about twenty 
accredited men of science who have taken up the problem, 
and put forward hypotheses for its solution. Since then about 
fourteen more theories have appeared in the various scientific 
journals. It would be quite impossible, in the time at my dis- 
posal, to give even a summary notice of all these theories. I 
intend therefore to confine myself to one well defined group, that 
of the corpuscular theories. This group is the most developed 
and consistent, it gives the most satisfactory explanation of the 
phenomena, it comes best into accord with ordinary dynamical 
experience. From a few simple postulates it deduces all the 
necessary lesults. It has the sanction of names like Kelvin and 
Tait; and it gained from Clerk Maxwell in his Encyclopedia 
Brltannlca articles upon "Attraction," and " Atom,*' very serious 
consideration. To some minds, the mechanism suggested, seems 
too artificial and improbable; and in default of any complete 
success, a hopeless attitude has been taken up, e,g,^ by du Bois 
Reymond. But this position is not at all inevitable ; and if 
electric and magnetic actions have been dealt with from the 
point of view of the medium ; if the phenomena of light, heat, 
and kindred radiations have capitulated to wave theory, there is 
no a priori reason why the gravitation problem should be 
stamped as hopeless, and devoid of all scientific importance. 

Before proceeding to a detailed view of the corpuscular 
theories, we may form a synopsis of the laws and character- 
istics of gravitational action. To these any theory put 
forward must conform. We have : — 

(i) The radial nature of the action. 

The attraction between two bodies is along the straight line 
joining them. This was proved mathematically by Newton for 
the planets in relation to the sun. From Kepler's observation 
that the radius vector from the sun to any planet sweeps out equal 
areas in equal times, the radial nature of the action follows at 
once by an application of the theory of central forces. When the 
distance between the attracting bodies becomes comparable with 



^ Edinburgh Review, vol. 13, p. 101, 1809. 
'^ Smithsonian Report, p. 205, 1876. 
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their dimensions, so that they can no longer be regarded as 
practically at a point, the supposition is made that between every 
particle of the one and every particle of the other there is an 
action in the straight line joining the particles. The results 
which mathematical theory builds on this supposition are perfectly 
concordant with experience. 

(2) Absence of reflection, refraction, retardation, shielding or 
other disturbance of the action. 

In all the other natural actions, which are conveyed through 
space from one body to another, there is a marked effect pro- 
duced by varying the nature of the matter in the intervening 
space. Light is reflected, refracted, polarised. Sound is re- 
flected, absorbed, retarded. Electric and magnetic actions are 
influenced by the nature of the medium, in ways too numerous to 
mention. The radiations from radioactive bodies are capable of 
being deflected or absorbed. The Hertzian waves and, to a less 
extent, the Rontgen rays are under our control in the medium. 
Gravitational action, alone, exists between the two bodies and 
cannot be afi*ected by any known treatment of the intervening 
space. Only at the gravitating bodies themselves have we any 
control over this agency. 

Experiments have been recently made upon this point. In 
1897, Austin and Thwing^ employed a modified form of the Boys 
torsion apparatus to investigate the effect of screens of different 
material upon the gravitational action. 

Layers of lead, zinc, mercury, water, alcohol, glycerine about 
three cms. thick were interposed between the attracting masses 
and the moveable arm. If a gravitational "permeability," i.e,, 
a difference in what may be called conducting power for the 
gravitational effect exists, in any appreciable degree, this should 
have exhibited it. The authors state that to an accuracy of i 
in 500, no such effect exists. Poynting, however, suggests that 
there may be differences in gravitational permeability of a very 
small order similar to the small magnetic permeabilities observed 
in substances such as water, alcohol, etc. Eotvos^ stated at the 
Paris Physical Congress in 1900, that the sun's attraction is not 
modified by one part in 100 million by the interposition of i 



^ Phys. Review 5, p. 294, 1897. 

2 Royal Institution Disccurse, Nature 62, p. 403, August 23, 1900. 

^ Inter. Phys. Congress, Paris, 1900, 3, p. 390. 
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kilometre of the earth's crust. And in this connection it may be 
noted that astronomical observation detects no shielding effect or 
other alteration during eclipses. 

(3) Proportionality to the acting masses. 

The intensity of the action is proportional to the product of 
the masses of the two bodies ; and no addition of mass impairs or 
cuts off the previous effect. From the small masses (about 2 
grammes) used in the Boys experiments up to the great masses 
of the members of the solar system, this rigorous proportionality 
to mass is maintained. 

(4) Independence of nature of tJie acting masses. 

The physical or chemical nature of the bodies has no effect on 
the action, provided the masses and distance remain constant. 
In this we have a striking divergence from what we find in all 
other physical actions. The matter was investigated by Newton 
who observed the times of swing of pendulums whose bobs were 
made of a variety of different materials. More recently Bessel 
examined the same point also by the pendulum method, and 
proved that the independence of the nature of the bobs was true 
to at least i part in 100,000. Still later Eotvos,^ in a report to 
the Paris Physical Congress in 1900, states that he has examined 
this effect by means of a special balance. He finds that for 
glass, brass, antimony, and some other substances, the attraction 
is the same (given the same masses and distance), to i part in 20 
million. 

(5) Proportionality to the inverse square of the distance. 

The attraction diminishes as the distance between the attracting 
masses increases, and the law of variation is that of the inverse 
square. Given a certain action at i ft., it is diminished to a 
fourth part at 2 ft., to a ninth part at 3 ft., and so on. Here we 
have the same law holding as in the case of electric and magnetic 
point charges, light, sound, and heat radiations from a source, 
etc. In the case of sound, light, heat, or in fact any radial 
emanation of energy from a point, the law of the inverse square 
is a direct consequence of the fact that the action takes place in 
three dimensional space. If our universe of matter were two 
dimensional, the law would be that of the inverse first power. In 
the first case the constant amount of energy, at a distance r, is 
spread over a spherical surface of area 4:rr2 ; in the second, over 

^ Inter. Phys. Congress, Paris, 1900, 3, p. 389. 
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a line of length 2nr, There would seem to be a strong pre- 
sumption that in the case of gravitational, electric and magnetic 
actions, the law is in some way brought about by the special 
space conditions under which we live. At any rate, the index is 
2 to a very high degree of exactitude and not 2 ± some appreci- 
able fraction. 

Astronomical observation has shown that a change of the 
index from 2 to 2*000,000,16 would be sufficient to explain 
certain irregularities in the motion of Mercury. ^ Even this small 
change, however, is not necessary as the irregularity is otherwise 
explicable. But it serves to indicate the exactness of the 
astronomical observations on which the law is based. Newton 
deduced this law from the induction of Kepler, that the orbits 
of the planets are ellipses with the sun in one focus. 

The result follows easily by an application of the theory of 
central forces. From these immense planetary distances (Sun to 
Uranus, for example, 1,753 million miles), down to the small 
distances of about a centimetre in the Cavendish experiment, the 
law of the inverse square holds. Whether it holds at distances 
comparable with the dimensions of molecules, or the inter- 
molecular distances, is a question which has not been answered. 

(6) Instantaneous Propagation, 

The question whether gravitational action is instantaneous or 
has a finite velocity, has been much debated. Suppose a body 
A placed suddenly in a new position. Does a finite time elapse 
before the mutual action between it and another body B is 
readjusted to the new configuration ? No such lag of the action 
has ever been discovered within ascertained distances and from 
astronomical observations, lower limits have been put to this 
hypothetical velocity of gravity. The number is large even in 
comparison with the velocity of light. For example, Laplace^ 
calculated by an " aberration " method, that a minimum value 
must be 10 million times that of Hght. Light travels at about 
'186,000 miles per second, so we see how great must be the 
velocity of gravity if it exist at all. Arago^ put this lower limit at 
50 million times that of light. Later consideration of the subject 



^ Hall, Astron. Journal, 14, p. 45. 

'^ Laplace, Mecanique Celeste, 4, 10, chap. 7, p. 326, 1805. 

^ Arago, Popular Astronomy, book 23, chap. 27, vol. 2, p. 469. 
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by Oppenheim^ in 1894, puts the limit at 12 million times that of 
light. It may be roughly said that if the gravitational influence 
occupied i/io^ of a second in travelling 10^ miles, astro- 
nomical analysis would easily detect it.^ 

(7) Intensity undiminished by time. 

No enfeeblement of the action has been observed in the lapse 
of time over which reliable astronomical observations have 
extended. This period is of course not large in comparison 
with the times of the cosmic processes ; but it gives us an idea 
of the exceedingly slow rate of exhaustion if any. Hence if a 
kinetic explanation of gravitation is sought, it must account for 
this maintenance of the machinery of the action. 

(8) Isotropy of all matter. 

Certain bodies present along different lines, different properties 
in regard to certain physical actions. Thus wood conducts heat 
at one rate along the grain, at another across. Crystals allow 
light to travel at different speeds according to the position of 
the line chosen in reference to the axis of the crystal. But all 
bodies (even the most aeolotropic to some actions) present the 
same property to gravitational action along every line. This 
suggestion as to the possibility of gravitational aeolotropy in 
crystals will be found in one of Kelvin's papers^ ; and he points 
out that if such an aeolotropy existed, we would have means of 
drawing energy from the ether. But in Lesage's exposition of 
the corpuscular theory^, this possibility is also indicated as a 
consequence of irregularity in molecular structure. Experiments 
have been made recently with great delicacy to discover whether 
this aeolotropy really exists. Mackenzie^ in 1895, using a form 
of the Boys apparatus and calcspar spheres 2 inches in diameter 
could discover no effect. Poynting and Gray^ in 1899 used 2 
quartz crystal spheres and sought for a directive action of the 
vone upon the other. Very delicate suspension was used and the 
method of sympathetic vibration was employed. But negative 

^ S. Oppenheim ** Zur Frage nach der Fortpflanzungsgeschwindigkeit der 
•Gravitation." Jahresber, iiber das k. k. akad. Uymn. in Wien 1894-95. See 
Also Paul Gerber, Zeitschrift, Math. Phys. 43, p. 93, 1898. 

2 W. B. Taylor, Smithsonian Report, 1876, p. 236. 

3 Phil. Mag. (4) 45, p. 331, 1873. 

■* Deux Trait^s de Physique Mecanique. P. Prevost. Geneva, 1 8 18, p. 

JIO-III. 

® Mackenzie, Phys. Review 2, 1894, p. 321. 
* Phil. Trans. A, 192, p. 245, 1899. 
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results were got and the authors state that the difference of 
attraction in the crossed and in the parallel positions of the 
crystal axes cannot exceed i in 16,000. Any gravitational theory 
therefore, which employs a specific hypothesis as to the structure 
of matter must take account of th*"; practically complete symmetry. 

(9) Absence of influence by temperature^ chemical decomposition^ etc. 
Any such physical action upon the gravitating bodies, produces 

no effect. Experiments upon this point have been made by 
Kreichgauer,^ Landolt,^ Sandford and Ray,^ and these show to 
one part in 2 million, an absence of effect. Gravitation seems 
therefore, to have no tangible relation to the physical or chemical 
condition of the acting masses or of the intervening medium. 

(10) Duality of the action. 

The mathematical theory of attraction employs the fiction of 
a single body creating a field of force round it, but this idea 
though convenient for analysis has no physical counterpart. The 
action is essentially a dual one requiring the presence of two 
bodies ; and to the attraction on the one there always corresponds 
(in accordance with Newton's Third Law of Motion,) the counter 
and equal attraction on the other. We do not know yet whether 
an isolated body affects in any way the surrounding ether ; and 
where there are two bodies, it is impossible to say that the action 
emanates from the one and proceeds to the other. This should 
be borne in mind when considering the question of a velocity for 
gravity. Here we have a marked difference from such emana- 
tions as those of sound, light, heat, or energy from radio-active 
bodies, where a source and a recipient can be indicated, and 
where the idea of the single isolated source is not merely a 
convenient abstraction. It is a point in favour of the corpuscular 
theories that they are quite in harmony with this essential duality. 

We come now to the consideration of the mechanism suggested 
for the explanation of the body of phenomena described above ; 
and, as stated previously, we shall confine ourselves to that 
group of theories which has as its essential idea, the impact of 
corpuscles. We have here a well defined class of speculation on 
the subject, and from the first suggestion in the 17th century up 
to the present day an interesting evolution may be traced. 



^ Wiedemann's Beiblatter p. 6, 1892. 

- Zeit. fiir Phys. Chem. 12, I, 1894. ^ Phys. Review 5, p. 247, 1897. 
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We find the germ in the writings of John Bernoulli (1734). 
He adopted Descartes' idea of the vortices, by which the planets 
were whirled along in their orbit. But to this he added what he 
calls the " central torrent," a stream of small and rapidly moving 
particles which, by their impacts from without, deflect the planets 
from the natural straight line into the curvilinear path. We need 
not consider this idea at great length, as it fails to account for the 
phenomena, and contains many purely arbitrary hypotheses. 
The memoir containing it, was, however, crowned by the French 
Academy. The real interest of this idea lies in the fact that the 
impact of corpuscles is suggested as being a possible means of 
Explaining the mysterious attraction through apparently empty 
space. But it was necessary to get rid of the Cartesian vortices 
before the problem could come into the scope of rational 
dynamics. To three men we owe the development which follow- 
ed — Fatio, Redeker, and Lesage. The first two had indeed the 
priority in this furtherance of the corpuscular system, but the step 
made by the last was so great, his theory was so fully developed 
in all its details, so carefully and ingeniously based on mathemati- 
cal and dynamical results that his fame has somewhat eclipsed 
that of the other two. In any case, we have it on the testimony 
of the contemporaries of Lesage that his work was quite inde- 
pendent of that of his two predecessors ; and when, later, he 
became aware of their work on the subject, he was careful to give 
them all credit for it. Nicholas Fatio was a friend of Newton. 
He put forward his theory about the year 1694 in a letter to 
Leibnitz ; and also, it is said, expounded his system in a Latin 
poem which was never published. Francis Albert Redeker, a 
German physician, published, in 1 7 36, a Latin dissertation upon 
the cause of gravity. An account of these works, sufficient for our 
purposes is given by Pierre Prevost of Geneva (1818),^ in a preface 
to an account of Lesage's work. It will, however, be more con- 
venient to give an outline of the theory common to these three 
men, and then consider the points of difference. Each supposed 
that what we call empty space is full of streams of small particles 
moving with high velocities. In every conceivable straight line 
there is supposed to be a set of these particles at a given instant. 
And as the particles are supposed to be exceedingly small, we 
may practically assume two streams in opposite directions in 

^ Deux Traites de Physique Mecanique. Prevost, 181 8. 
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every straight thin filament of space. The particles or corpuscles 
as Lesage termed them, are not gross or ponderable matter ; that 
is to say, we are not aware of them in any way except in so far as 
they make their existence known by the gravitational effect. 

Before going further it is important to bear in mind that there 
is nothing unscientific in these suppositions of exceedingly small 
particles and exceedingly high speeds. In what follows we shall 
have to deal with such postulates, and we must not be led by a 
priori ideas to a hasty condemnation. Consider, for example the 
range of magnitude i to lo cms. Then consider the range lo^* to 

-19 -2 

lo^^; and then the range lo to lo . In each of these threq^ 
piirtitions we have a tract of magnitude quite definite and capable 
of subdivision and recognisable differentiation. Yet a hasty view^ 
of any one of the three from any other might dismiss it as a form- 
less and meaningless affair — an infinitely great or an infinitely 
small so hopeless that thought need not approach it. Yet it is 

-20 

not so. There is a great difference between the lo of our 
illustration and the infinitely small which defies thought. The 
visible spectrum contains an octave of vibrations as real, as 
distinguishable, as capable of analysis as an octave of notes in the 
human voice. Yet the one is reckoned in feet, while the other in 
hundred thousandths of the inch. We must not regard the " very 
smalls,'' or the " very greats," with which we shall have to deal, as 
meaningless exaggerations or diminutions. 

We have therefore to suppose space filled with the streams of 
gravific corpuscles, so small that collision of one corpuscle with 
another rarely occurs, but so numerous that at any point on which 
we care to fix our attention, there will be found radiating both in- 
wards and outwards, streams of these rapidly moving corpuscles. 

An easily realised physical analogy is this : — Imagine a hollow 
sphere with its inner surface polished. Place a small source of 
light at the centre. Then every ray from the centre is reflected 
back again along its original course, />., through the centre again, 
so that we have at the centre an exactly similar state of affairs to 
that imagined in the theory. A still better illustration is obtained, 
if we suppose the surface of the sphere to be self luminous. Take 
for example a metal spherical shell heated to white heat. Then not 
only at the centre, but at any point in the interior, we shall have 
a system of rays of light proceeding in all directions, and both 
inwards and outwards. If we revert for the moment to the old 
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emission theory of light, the analogy becomes complete. In these 
days when ionic theories are being developed, and radio-active bodies 
experimented upon, it is as well not to be over contemptuous 
towards suppositions involving corpuscles and emissions of particles. 

" Empty space " is thus to be regarded as a vast storehouse of 
energy full of minute corpuscles, moving in straight lines with high 
speeds in all possible directions. The nature of the corpuscles 
and their distribution, will be considered later, but to form our 
preliminary idea, let us now suppose a body of ordinary matter, 
say an isolated particle, placed in a region occupied by the 
streams. This body will be beaten upon by the torrent of 
corpuscles on all sides. Bearing in mind that the 

corpuscles are very small in comparison with the particles of gross 
matter, that the impacts follow upon each other with extreme 
rapidity, that the mean velocity of each stream is the same, that 
the mean density (/>., the number of particles per unit length) of 
each stream is the same, we see that there will be no resultant 
tendency to move the body in any direction. That discrete im- 
pacts can produce the effect of a continuous pressure is an 
accredited fact of the kinetic theory of gases. The necessary con- 
dition is that the impacts shall follow each other sufficiently 
rapidly. We have, in fact, a complete analogy in the pressure 
produced on the surface of a solid sphere immersed in a gas. 

We have thus an isolated body immersed in the gravific 
medium but as yet no apparent action or reaction. Suppose now 
a second body is placed in the medium near the first as in the 
figure. It is evident that a shielding effect of each by the other 
is brought about. The complete symmetry of the system of 
impacts is disturbed and the equilibrium of each body is 
destroyed. By the unbalanced pressure on the remote side each 
will be urged towards the other, and we thus have the effect 
of gravitational attraction. To revert to our illustration from 
light, suppose that within the self luminous hollow sphere, two 
opaque bodies are situated. Each will cut off from the other a 
certain amount of light. So in this case, we have the qualitative 
fact of gravitation explained. The next thing was to attack the 
quantitative laws. It is easily seen that this mechanism will 
satisfy the law of the inverse square of the distance, on account of 
the radial nature of the currents in respect to any point. In fact 
the three dimensional nature of space, here conditions the exact 
index 2. The area of the surface of a sphere is proportional to 
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the square of the radius, and hence for any radiation from a point 
the action per unit area is inversely proportional to the square of 
the distance from the source. If we look at the figure, we see 
this matter illustrated for the corpuscles. Suppose A and B to 
be the two bodies which are producing mutual shielding from the 
impinging torrents. Consider the effect produced by B^ 
in the three positions shown, upon the streams of corpuscles 




(k) 0- 



which would otherwise strike A, Consider the effect of the 
radial streams : it is clear that the impacts of the oblique streams 
may be resolved into radial and tangential components, the latter 
of which are non effective. It is evident that B in the three 
positions eclipses the same area on each spherical surface drawn 
through its position with A as centre. Also the number of 
particles which, in the absence of B^ would impinge upon Ay is, 
at any given instant, the same over each spherical surface. This 
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follows from the assumed equal density and equal velocity of the 
streams. Hence the number per unit area must be inversely as 
the square of the distance^ and hence the number intercepted by 
the constant area B^ must vary inversely as the square of the 
distance- from A. The same result will hold if we regard the 
other aspect of the arrangement, in which A is the shielding and 
B the protected body. Thus the law of the inverse square holds 
for the mutual action. 

We now come to the law of masses and here we deal with what 
is peculiarly Lesage's contribution. From what we have de- 
scribed, it is evident that the amount of shielding and con- 
sequently the attraction is, as regards bodies of different sizes, 
proportional to the surfaces and not to the masses. For if a body 
is conceived as stopping at its surface all the corpuscles which 
strike it, then the amount of matter inside the body has no effect 
on the action. This difficulty Lesage evades by a hypothesis, 
which may at first sight seem rather arbitrary, but w^hich 
is really justified by many other phenomena in the range of 
Physics and Chemistry. He supposes matter to be highly porous 
in its structure, and thts porosity, it may be said, is retained in all 
the subsequent modifications of the theory. To bring about the 
proportionality of attraction to mass, it was necessary to suppose 
that the rain of corpuscles beats upon every particle of the body, 
no matter how far in the interior that particle may be. Hence 
ordinary matter was conceived to be highly permeable by the 
corpuscles; to be in the words of Lesage **a kind of cage 
composed of bars very thin in comparison with the meshes of the 
cage, so that any body even the largest will intercept only a very 
small part of the currents which strike it." There can, of course, 
be no a priori condemnation of such a hypothesis. A mass 
•of scaffolding seen from a great distance will appear as a small 
continuous body ; and it is practically certain that what we see as 
continuous and homogeneous matter, would in a superhuman 
magnification exhibit a very heterogeneous and porous appear- 
ance. Lesage himself points out^ that porosity is indicated by 
■several phenomena; and the trend of all modern science, 
physical as well as chemical is to admit this porous molecular 
■structure. I need merely mention such phenomena as diffusion 
of gases, liquids and solids, transparency to light, and to electric 

1 P, i3of "DeuxTrait^s." 
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and magnetic actions, conduction of heat, etc. By assuming this 
cage-like structure fine enough, the reduction of effect owing to a 
particle's interior position may be made so small that the law 
of masses will be satisfied as exactly as experience requires. We 
must, therefore, distinguish the effective surface of a body from 
the apparent surface. The former is proportional to the total 
amount of matter in the body, and is the intercepting agency 
with which we are concerned in the corpuscular theory. By this 
supposition the law of masses is satisfied. To return to our 
illustration, suppose two cage structures to be placed within the 
self luminous sphere. It is clear that the shadow cast by one on 
the other will be much more nearly proportional to the mass than 
to the external geometrical surface. 

It is to be noted as a consequence of this open structure, that 
only a small part of the corpuscular torrent in a given region is 
stopped by the interposition of a material body. By far the 
larger part rushes through the body without touching any part of 
it. It is, however, the small obstructed part that is responsible 
for the gravitational effect. The total strength of the torrents 
must then be inferred from the fact that only a small portion of 
the whole produces the observed effects of attraction. 

Having now indicated how the laws of distance and mass are 
satisfied, let us turn to a few more special points. The full 
enunciation of the theory by Lesage was first published in a 
memoir to the Berlin Academy in 1782. It was entitled the 
" Lucrece Newtonien," and this name probably hints at the 
employment of corpuscles like the Lucretian hard atoms to 
account for the Newtonian laws of attraction. This memoir was 
incorporated in an amplified account which will be found in a 
book entitled "Deux Traites de Physique Mecanique," edited 
and partly written by Pierre Prevost of Geneva in 18 18. It is 
interesting to note that in this book all fractions are written in a 
notation similar to the solidus notation now so popular. For 
example f is written 2:3 and so on. This convenient change 
from ordinary typographical usage was long ignored. 

We may conveniently summarise the remaining points in 
Lesage's theory. In the first place, the lengths of the corpus- 
cular streams are considered finite but very great; so that a 
limit in time to the action of gravity is implied. Then, no 
explanation of the mechanism which propels the streams of 
corpuscles is attempted. The corpuscles are called " ultramun- 
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dane," which we may take as meaning, that thought must stop 
short of the consideration of the beginning and the end of the 
streams. The same limitation, of course, occurs in our con- 
ceptions of space and time and hence of all natural phenomena. 
The streams are supposed to be equally dense everywhere, />., in 
the same volume of space chosen round any point, there will 
always be found the same number of corpuscles. The mean 
velocity of the streams is everywhere the same. These last two 
suppositions are necessary to ensure that uniform action of 
gravity which we find at all parts of space where observation has 
been possible. The dimensions of the corpuscles are very small 
but their number per unit volume is very great; and the 
enfeeblement of energy brought about by the small size is 
to be compensated by the very high velocity >>hich they 
possess. This high velocity (relative to all known velocities 
of material bodies) is also essential for two other points 
— first, that when two bodies begin to move towards each other, 
there should be no sensible diminution of the effect of the 
impacts, owing to the motion. If this were not so, the gravita- 
tional effect would diminish with increasing velocity. The second 
point is that there should be no appreciable resistance offered 
by the gravific medium to the motion of gross matter, for example, 
the planets in their orbits round the sun. If the planetary 
velocities, great though they are in relation to the velocities of 
ordinary experience, be small in comparison with those of the 
corpuscles, there will be practically no resistance to the motion 
of an isolated body in any direction ; and in such motion the 
corpuscles will impinge as if they were striking upon a stationary 
body. 

The question of the nature of the corpuscles is most important 
Lesage supposed them to be hard bodies which after impact on 
gross matter rebounded with diminished velocity; and this he 
supposed to be the case, even when the body struck was 
isolated and therefore at rest. These corpuscles are there- 
fore imperfectly elastic, in the sense that there is a loss 
of energy at impact. In the language of molar dynamics, the co- 
efficient of restitution is less than unity. There is therefore a 
violation of the principle of Conservation of Energy, unless this 
lost energy can be traced either in the body struck or in the 
rebounding corpuscle. Lesage did not attempt any such 
explanation, and it is to be remembered, of course, that the 
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congervation doctrine was developed long after his time. We 
shall see presently how the later forms of the corpuscular theory 
avoid this difficulty. Fatio, on the other hand supposed the 
corpuscles to be perfectly elastic, />., after impact they rebounded 
with the same linear momentum as before. But this, though 
more in accordance with modern dynamical notions, vitiates the 
gravity action ; for as Prevost^ pointed out, the shielding effect 
in the space between two bodies will be done away with if the 
linear momentum remain unimpaired after collision. There 
would be reflected from the nearer face of one, a set of corpuscles 
which would act on the nearer face of the other, so as to replace 
the supply cut ofif. 

Before proceeding to consider more fully the elasticity question, 
we may note a few of the numbers given by Lesage, although we 
cannot dwell upon his reasons for establishing them. He states 
(p. 25) that about 3 million directions through a point are 
necessary for the corpuscular streams, so as to ensure a body in 
different positions not altering in weight by more than 1/500,000 
part. Then collision of corpuscle with corpuscle must occur very 
rarely since the long, straight line streams are necessary for the 
gravitational effect. He puts it that not more than i in every 
100, should meet another in several thousand years. The mean 
speed of rebound of a corpuscle after striking on a material body, 
is to be f of the speed before impact, (p. 61). 

We shall discuss later on the objections to the general form of 
the corpuscular theory ; but, here we need only take note of those 
special to Lesage's type. These are (i) the destruction of energy 
at impact, (2) the supply of the corpuscles and the speed with 
which they are endowed, (3) the unnecessary expenditure of 
energy going on in all parts of space. The first of these objec- 
tions is removed by Kelvin's form of the theory, the second by 
S. T. Preston's. These will both be explained later on. The 
third points to the fact, that the ether, instead of being the 
passive vehicle of energy, would be, on this theory, a hugely 
charged storehouse, abounding in energy in every part; while 
the gross matter for whose service, this energy exists, occupies 
only an inconsiderable part of the region. To this it may be re- 
plied, that though we may have a prejudice in favour of economy 
of cosmic energy, it is questionable whether this view is justified by 

^ P. 30 of introduction to "Deux Traites." 
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a wide consideration either of inorganic or of organic nature. In 
any case it is impossible to reply definitely either way to such an a 
priori objection. Lesage seems to have suffered from such objec- 
tions ; for he gives (p. io8) a list of them classifying into 
metaphysical, physico-metaphysical and physical. Some of the 
first are very curious. In another place (p. 105) he says : — 
"these objections arise from the principles of some particular 
metaphysical sect ; and before replying to them, I would ask 
these metaphysicians to agree first with one another. Such 
objectors appeal to the imagination rather than to the under- 
standing, when they point with amazement to the extreme, ex- 
traordinary, and unheard of features in my system ; as if by our 
gross and finite measures, the subtlety and grandeur of nature is 
to be tested." 

We must now pass from Lesage's theory. In 18 18 Blair, 
Professor of Astronomy in Edinburgh University, published a 
theory of gravitation similar to that of Lesage. Instead, however, 
of dealing with ultramundane corpuscles, he supposes that space 
where gravitation acts, is bounded by a hard spherical surface. 
Upon this the corpuscles strike and are reflected back, and so 
the supply is maintained. With this exception, the corpuscular 
theory seems to have received no development for a long time 
after the great effort of Lesage. Many other types of kinetic 
theory fill up the intervening years, but it is not until 1869, that 
we find Leray^ attacking the subject from the impact point of 
view. In the Comptes Rendus, he puts forward ideas, essentially 
the same as those of Lesage, but without that careful develop- 
ment of detail and ingenuity of instance which give value 
to the earlier work. Leray bases his theory on two principles 
(i) that the corpuscular currents exist in all directions; 
(2) that in traversing a body the currents are enfeebled 
in proportion to the thickness traversed, and to the mean 
density of the matter in their course. He adds, in these 
nothing essential to Lesage's theory, but he supposes that the 
lost energy of the impacts (which Lesage did not account for), 
appeared in the light, heat, and magnetism of the celestial bodies. 
These cosmic energies are thus kept up by the ethereal energies, 
so that there is no violation of the conservation principle. This 



^ Leray, Comptes Rendus, 1869, v. 69, p. 615, Sept. 6 ; and "Constitution 
de la matiere," Paris, 1869. 



36 Royal Philosophical Society of Glasgoiv. 

idea was also put forward by Rysanek^ in 1888. No attempt 
is made, however, to explain the differences of condition of the 
planets or to justify in any substantial way this interchange of 
energy. We may, therefore, pass on to consider Lord Kelvin's 
view of the matter. 

In the Philosophical Magazine for 1873, we find his contribu- 
tion to the subject. It is interesting to note his approbation of 
Lesage's scheme in contrast with the view of Herschel. The 
latter in the Fortnightly Review (1865), referred to the theory as 
being " too grotesque to need serious consideration."^ But Lord 
Kelvin^ writes as follows : — " From Lesage's fundamental 
assumptions, it is easy to deduce the law of the inverse square 
and the Jaw of proportionality to mass. Inasmuch as the law of 
the inverse square of the distance, for every distance, however 
great, would be a perfectly obvious consequence of the assump- 
tions, were the gravific corpuscles infinitely small, and therefore 
incapable of coming into collision with each other, it may be 
extended to as great distances as we please, by giving small 
enough dimensions to the corpuscles relatively to the mean 
distance of each from its nearest neighbour. The law of masses 
may be extended to as great masses as those for which observa- 
tion proves it (for example the mass of Jupiter), by making the 
diameters of the bars of the supposed cage atoms constituting 
heavy bodies, small enough. Thus, for example, there is nothing 
to prevent us from supposing that not more than one straight line 
of a million drawn at random towards Jupiter and continued 
through it, should touch one of the bars. 

"Lastly, as Lesage proves, by making the velocities of the 
corpuscles great enough, and giving them suitably small masses, 
they may produce the actual forces of gravitation and not more 
than the amount of resistance which observation allows us to 
suppose that the planets experience." Later on he continues — 
" This much is certain, that if hard, indivisible atoms are granted 
at all, his (Lesage's) principles are unassailable, and nothing can 
be said against the probability of his assumption. The only 
imperfection of his theory, is that which is inherent to every sup- 
position of hard indivisible atoms." 

^ Rysanek, Exner's Reporter, 24, p. 90, 1888. 

2 Fortnightly Review, I, p. 438, July 1865. 

3 Phil. Mag. (4) 45, 1873, p. 323. 
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Kelvin then goes on to suggest a means of avoiding this defect 
He postulates perfect elasticity for the corpuscles, and so brings 
the scheme into accord with the doctrine of the conservation of 
energy. But if the effects of gravity are to be produced, the 
corpuscles must rebound after impact on gross matter with less 
linear momentum than before; for otherwise the whole effect of 
the shielding would be done away with, and the rebounding 
particles would kinetically replace those which had been diverted. 
Hence a diminished velocity is necessary for all those corpuscules 
which have just suffered collision with gross matter. What then 
becomes of the energy so disappearing ? Leray and Rysanek 
suggested heat of the celestial bodies ; but Clerk MaxwelP is of 
opinion that if the corpuscular energy were transformed in this 
way, the heat produced would be sufficient to raise immediately to 
incandescence all matter suffering impact. This view — to be 
found in the article ** Atom," in the Encyclopaedia Britannica — 
he bases upon the fact of the kinetic theory of gases, that a system 
of particles in free collision will tend to equalise their kinetic 
energies. Kelvin suggests that the corpuscles retain all their 
energy but that it is altered in type. Before impact, the corpuscle 
has a certain amount of energy of translation. By the impact, 
this is partly converted into energy of vibration and of rotation. 
The change into rotational energy might not always be possible, 
but that into vibrational energy is always possible, provided the 
corpuscle be not the hard atom of Lesage, but a body possessing 
internal structure, and capable of modes of vibration. On this 
supposition, therefore, the diminution of translational energy 
necessary for the gravitational effect is possible " without violating 
modern thermodynamics." Lastly he remarks that this loss of 
translational energy may be restored to the corpuscles by merely 
supposing that in their impacts with each other, they follow the 
same law as ordinary gaseous matter. According to the kinetic 
theory of gases, a system of particles will tend by their natural 
motion to adjust the ratio of translational to the rotational, and 
vibrational forms to a constant value ; and if this value is disturbed 
by any cause, it will again be restored by the natural motions. 
This was pointed out by Clausius^ who showed that the constant 

2 

ratio of whole energy to the translational part is given by , _ y 

^ Article Atom, Enc. Brit., vol., III., p. 46, 9th Ed. 
» See also Clerk Maxwell, Camb. Phil. Trans. 12, 1878. 
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where y is the usual specific heats ratio for the gas. For air this 
ratio of energies is i '634. Hence if the ordinary gaseous condition 
be satisfied by the ultramundane corpuscles, the difficulty ot the 
elasticity is avoided. Kelvin concludes, — "The corpuscular theory 
of gravitation is no more difficult in allowance of its fundamental 
assumptions than the kinetic theory of gases as at present received, 
and it is more complete, inasmuch as from fundamental assump- 
tions of an extremely simple character, it explains all the known 
phenomena of its subject." 

It will be noticed that in these remarks we have the hint of the 
next step in the development, viz. : — the full application of the 
kinetic theory of gases to the system of gravific corpuscles. In 
fact Kelvin definitely points out that the distance through which 
gravity would be effective, would be dependent upon the distance 
through which the corpuscles move before interruption by each 
other. This idea was taken up independently by Picart in France, 
S. Tolver Preston in this country, and by Jarolimek in Austria. 
Picart \ though first in date, gives only a short note and does not 
develop the idea at all. Jarolimek'^ claims priority (1874), 
although his work was not pubhshed till 1883; but in any case, 
his special modification will be more conveniently treated later on. 
Here we will take up Preston's development given in various 
Philosophical Magazine papers from 1877 to 1895^ The great 
difficulty in the theory of Lesage is the question of the supply of 
the corpuscles. Whence comes this huge supply of particles, 
sweeping through space at a high rate of speed ? To call them 
ultramundane, merely evades the difficulty. Further, of this vast 
amount of energy only an exceedingly small fraction serves the 
purpose for which the corpuscles are specially imagined. Preston 
therefore supposes the gravific fluid to exist in the following 
modified form. Instead of the series of arbitrary and independent 
assumptions as to the direction, density, and velocity of the 
streams, he makes the one assumption that the gravific fluid is 
constructed like an ordinary gas and behaves according to the 
kinetic theory. In accordance with this theory, a spontaneous 

^ Picart, Comptes Rendus 83, p. 1042, 1876. 

2jarolimek, Silz, Akad. IViss. Wien, (2), 88, p. 897, 1883. 

^S. Tolver Preston, Philosophical Magazifie, IV. p. 206, p. 364, 1877; V. 
p. 117, p. 297, 1878; VIII., p. 152, 1879; I^-' P- 267, 1880; XL, p. 38, 
1881; XXXIX., p. 145, 1895. 

Nature, XLVIIL, p. 103, 1893. 
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adjustment of the motions of the particles takes place, so that in 
the average the number of particles in unit volume is the same at 
all points, the mean velocity is equal in all parts, the mean 
distances of the particles are the same at all parts and the 
particles are moving for short distances towards all directions at 
all points. Here then we have the very requirements of the 
Lesage theory, not as so many arbitrary postulates, but as the 
necessary consequences from the single assumption as to the 
constitution of the gravific fluid. Moreover this adjustment is 
stable so that after any disturbance, the normal condition again 
asserts itself, as a consequence of the natural impinging of the 
particles upon each other. These facts of the kinetic theory are 
the results of averages taken over very large numbers of individual 
values. They are all capable of mathematical proof, so that if the 
gravific fluid be constituted as an ordinary gas, then by its own 
internal and natural action, it will satisfy all the requirements of 
the older theory. An essential of the Lesage view was that 
collision between corpuscles should be exceedingly rare. Here 
on the other hand, the large number of collisions is the 
phenomenon necessary for the self-acting adjustment. The 
frequency of these impacts of corpuscle on corpuscle tends to bring 
the fluid back to the uniform condition. Hence also the supply 
of energy does not come from and go to regions inaccessible to 
thought, but is self-contained in the fluid, Hke that of a gas in a 
closed vessel ; and furthermore, all the energy has an understood 
reason for its existence, in that it is needed to maintain the uni- 
formity of state. 

We have now to notice a very important qualification, viz. : — 
that the free path of the corpuscles (/.^., the distance between two 
successive collisions of corpuscle with corpuscle) must be great ; 
must have indeed a length greater than the greatest distance 
through which gravity is known to act. For if the corpuscles 
collide with each other between two material bodies, no attraction 
effect will be produced ; just as in an ordinary gas there is equality 
of pressure on all sides of an immersed body despite the presence of 
other bodies. If however we could immerse in an ordinary gas, 
two bodies sufficiently small, and at a less distance from each 
other than the free path of the particles of the gas, then there 
would be a shielding effect and a tendency to come together. We 
shall see the essence of Preston's view, if we take an ordinary gas 
and suppose its dimensions magnified until the length of the free 
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path becomes comparable with the greatest distances through 
which we know gravitation to act. Then within that range we 
have the equal distribution of the streams in all directions, as in 
Lesage's theory, but instead of the mysterious agency at the 
boundary propelling the streams of corpuscles, we have the 
ordinary dynamical action of the larger quantity of gas. The gas 
as a whole is in stationary motion, but in small regions — the solar 
system for example — the motion is that of the Lesage theory. On 
this view% gravity does not act between two bodies at distances 
greater than the free path, and hence, as Preston points out, a 
greater stability is given to the universe. 

There is nothing inherently improbable in this assumption of 
the great free path. From the kinetic theory, it is known that 
the mean free path is inversely proportional to the square of the 
diameter of the particle. Hence the dimensions of the corpuscle 
may be chosen sufficiently small to give the desired length of 
path ; and this smallness accords well with the other ideas of large 
number per unit volume and high velocity of the corpuscle. For, 
as we have seen, we require a large number of corpuscles 
impinging in quick succession to give the effect of continuous 
pressure ; w^e require a high speed to give absence of resistance 
to the motion of ordinary matter and to give static attraction, 
the same value as kinetic ; and we need small dimensions to give 
impalpability, while at the same time, in virtue of the high 
velocity, the momentum and energy remain normal. 

I quote an extract from Preston's paper in the Philosophical 
Magazine, 

"It is an interesting fact that the distance through which 
gravity is effective would depend on the distance through which 
the gravific particles, move before being intercepted by collision 
with each other. By assuming the distances of the stars to be a 
multiple of the mean length of path of the particles, it would 
therefore follow that the stars do not gravitate towards each 
other. . . . The distance through which gravity has been 
observed to act is well known to be but an infinitesimal fraction 
of the distances of the stars. It may therefore well be that the 
mean length of path of the particles of the medium producing 
gravity, may be but an infinitesimal fraction of this distance. 
The column of the gravific medium intercepted between two stars, 
would therefore, on the whole be at rest, just as a column 
of gas is at rest, between two bodies a visible distance 



James W. Peck on Corpuscular Theories of Gravitation, 41 

apart, {i.e., a distance which is a large multiple of the mean 
length of the path of the particles of the gas). ... In 
order to explain all the observed facts, it is sufficient to admit 
that the universe is immersed in a gas (or medium constituted 
according to the kinetic theory), the mean length of path 
of whose particles is so adjusted as to cause the minor or 
secondary portions of the universe to gravitate towards each 
other. Under the simple conception of variation in the diameter 
of the particles of a medium, the mean length of path of the 
particles, (and with it the range of gravity), is capable of adjust- 
ment with precision to any range.'* 

We now come to Jarolimek's view enunciated in 1883. 
While agreeing with much of Preston's theory, he points out 
that the free path in a gas is not an invariable quantity ; but is 
only an average of a large number of values which vary between 
wide limits. In the case of an ordinary gas, the consideration of 
this mean free path is sufficient, but for the gravity fluid, the 
absolute values must be dealt with. For in the former case, the 

mean free path is exceedingly small (5*7 x 10 cm. for oxygen) m 
comparison with the spaces dealt with, whereas, in the latter, we 
are essentially concerned with magnitudes less than the free path. 
Jarolimek considers the effect of this varying length of 
free path upon the attraction of two bodies. Only those 
corpuscles can be effective, which have a free path in 
excess of the distance between the bodies : all others produce 
no attractive tendency. The mean free path is given by 

F. -o— where /^ is a constant, D is the mean distance between 

a^ ' 

the corpuscles and a the diameter of the corpuscles. Also the 
difference between maximum and minimum free path can be 

measured by — Hence since the above result /=/^ -^r may 
^ a a- '' 

/Z>\2 I I 

be written ( ~ j = c^ ^ it follows that to give the necessary 

/, D 
large value to y\ — must be large and therefore / must 

vary between very wide limits. A consequence of this fluctua- 
tion will be ihdit for this reason alone, the attraction between two 
bodies will increase as the distance is diminished because as the 
distance diminishes, more and more corpuscles become effective. 
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But we have as well, the increase of attraction due to the cause 
already discussed in all the previous forms of the theory, viz., the 
increase of solid angle subtended. Hence, if both these causes 
are effective, we shall have with diminishing distance, an attraction- 
which increases at a higher rate than the inverse square. 
Jarolimek thereupon supposes the second cause ineffective. He 
discards what is an essential point in the other forms of the 
theory, viz., the smallness of the corpuscle in comparison with the 
atom of gross matter. If these be of comparable dimensions, 
then it is easily seen that the mutual shielding of two particles is 
independent of the distance and is the same at all distances.. 
The corpuscles flying in the line joining the two particles are 
diverted but no others. Hence one body (highly porous) placed 
near another (highly porous) would exert the same shielding 
effect at all distances, if the length of free path of the corpuscles - 
were constant. But since this varies, for this reason and for this 
reason alone, the attraction increases with diminished distances.. 
And hence since the law is known to be that of the inverse 
square a certain distribution of corpuscles is conditioned, which 
may be stated as follows : — there must be n^ as many corpuscles 
of free path at least r, as there are of free path at least nr. Thus 
Jarolimek attacks the subject from a novel point of view ; while 
he retains the idea of a medium producing the gravity effect by 
impacts and constituted according to the kinetic theory of 
gases. 

Isenkrahe^ has also, in 1879, attempted an explanation of 
gravity from a similar point of view. But he assumes the 
corpuscles to be inelastic, and so comes directly into conflict 
with the principle of conservation of energy. Diminution of 
energy at collision is only to be explained by the idea that this • 
energy is handed on to the inner parts of the colliding bodies. - 
But when, as in the case of the corpuscles according to- 
Isenkrahe, the colliding bodies are structureless, there can be no 
such transformation. Complete elasticity is necessary in any 
ultimate bodies. 

We have thus traced the development of the corpuscular 
hypothesis from its first enunciation down to the form into which 
modern scientific speculation has moulded it. We may now" 



^ C. Isenkrahe, ** Das Ralhscl von der Schwerkraft' Vieweg und Sohnj 
Brunswick, 1S79. 
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briefly consider how far the result goes towards an explanation 
of the ten characteristics stated above. We have already dealt 
fully with the most important points, the law of masses and the 
law of distances (3) and (5). It may be noted in regard to the 
latter, that Jarolimek's objection to Preston's result is not fatal ; 
for we have only to take a lower value of the free path than the 
mean, to correspond to the known range of gravitation. As to 
(i) radial nature of the action ; (7) u?idiminished intefisity ifi 
time^ and (10) duality of the action — the mechanism explains 
these conditions completely. The 6th condition — that of 
instantaneous propagation — is satisfied to any approximation we 
please, by giving the corpuscles sufficiently high velocities. Then 
as to (4) independence of nature of the acting masses^ (8) 
isotropy of all matter^ and (9) absence of influetice by temperature ^ 
chemical decomposition^ etc., we may group these together and 
say that either an affirmation or a denial of their consistency 
with the corpuscular mechanism, is impossible until more is 
known of the ultimate structure of matter. An agreement is 
quite conceivable on certain suppositions as to molecular struc- 
ture, e.g.y the vortex atom theory of Lord Kelvin. In this case, 
since all matter reduces to an aggregation of vortices of the 
same fluid, the above three characteristics are quite consistent 
with the corpuscular theory. As to the second characteristic — 
the absence of shielding, etc. — it must be admitted that this is 
the weak point in the scheme. To take a simple case, it would 
seem that the attraction between two spheres placed inside a 
hollow sphere should be less than if they were in free space. 
Still this difficulty was seen even by Lesage, and was avoided by 
making the part of the corpuscular torrent intercepted a small 
fraction of the whole. The highly porous nature of matter 
renders the diminution referred to in the above case inappreci- 
able. In that case, the corpuscular streams are, let us suppose, 
thinned out a little by the external spherical surface — enough to 
produce attractive effects. But when the streams pass on and 
strike either of the inner spheres, the number of corpuscles 
obstructed is not appreciably less than if the original streams had 
arrived unimpaired. 

In conclusion, we may admit that the corpuscular theories are 
not completely convincing, nor do they offer any special experi- 
mental justification. But on the other hand, they form the 
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nearest approach to an explanation that has yet been offered ; 
they have received the approval of a fairly representative number 
of natural philosophers, and they group into a very interesting 
speculation upon this difficul but important subject. 

I have pleasure in acknowledging much kind criticism and 
advice from Professor Gray in the preparation of this paper. 
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III. — The Study of the Criminal. By James Devon, Medical 
Officer of H.M. Prison, Glasgow. 



[Read before the Society, 28th January, 1903.] 



The answer to the question — " Who or What is a Criminal ? " 
— would at first sight appear very easy ; but the term " Criminal " 
is so loosely applied that it is by no means a simple matter to 
arrive at a satisfactory definition. The obvious answer to the 
question is, that a Criminal is one who breaks the law. This is a 
hard saying. In so far as laws are the rules laid down by a 
community for the protection of the persons, property, and civil 
rights of its members, and for the safe-guarding of their common 
interests, they are liable to continual alteration and revision. 
Men who in one generation have been executed for transgressing 
the laws of the state, have been honoured as martyrs in the next. 
Acts which at one time have been regarded as meritorious, have 
at another time been severely punished. The law as it exists at 
any time, is what the community, as a whole, is content to regard 
as the rule by which its members shall regulate their conduct. 
No honourable man will deliberately do all that the law permits 
him to do. He has a higher standard of conduct. But a man 
may live a thoroughly vicious life ; he may lie, act dishonestly 
towards his neighbours, be cruel and vindictive to those under 
him, inflict death by slow torture on those nearest him, dis- 
honestly appropriate his neighbour's property; in short, break 
any or all of the ten commandments ; and yet keep within the 
law. It is not what he does, so much, as how he does it, that 
brings him within its operation or keeps him outside of its 
clutches. Such a man will not come under any definition of the 
word " Criminal ", although his life may result in more injury to 
the community than that of any criminal, and his character be more 
degraded. 
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Yet in many so-called scientific studies of the criminal these 
facts are altogether left out of account, and the assumption made 
that there is a marked distinction in nature between those who 
have been convicted of crime and those who have not. 

But the definition includes a great many persons who never 
reach prison at all ; for criminals are not always known and 
captured. True, if any one engage in a career of crime, the 
chances that he will ultimately be brought to a stop increase as 
the time goes on. This, I take it, is why old hands, like 
gamblers, admit it is a " mug's game ; " but like gamblers they 
have another try when the temptation presents itself. That they 
frequently escape with impunity there can be no doubt. Some 
have a run of " bad-luck " and are not long out of bonds till 
they are in them again. But not infrequently a man will admit 
that he has escaped ten times for once he has been caught. To 
be caught on every occasion would obviously be exceedingly dis- 
heartening. Women most frequently escape punishment. This 
is not from remissness on the part of the Police, but because 
their thefts are not reported ; the sufferer preferring loss of 
money to loss of reputation. As far as I can learn from 
enquiry, 75 per cent, of their thefts are never reported. Unless 
the loss is greater than the victim can bear, or represents money 
or goods not his own and for which he must give account, as a 
rule he does not " squeal." 

After all, however, the regular thief will sooner or later find 
himself in prison. The first time he is caught he may be treated 
as a " first-offender ; " but a proportion of those so treated are 
not new to dishonest practices. When they matriculate in 
prison they have got well on the downward path. Fortunately 
very many are never reported to the police, act afterwards on 
the principle that honesty is the best policy — at least keep 
within the law — and develop into respectable citizens. Only 
such as are caught come to prison ; and these are not necessarily 
the worst of the transgressors of the law, not necessarily the 
least talented (for success is not wholly dependent upon talent), 
but the least successful. 

But if all who are convicted of transgressing the law are to be 
accounted criminals, we must include many who have been 
guilty of very petty misdemeanours. The returns show that the 
larger number of prisoners are convicted of offences such as 
drunkenness, breach of the peace, assault, acts of dishonesty and 
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offences against public decency, dealt with by the Police Courts. 
Many of these offences do not differ in quality from those dealt 
with by higher courts. Their gravity is estimated either 
according to the results of the act, or the bad record of the 
persons committing it, or both factors together. Thus, if in a 
stairhead battle one party strike another with the " dishclout '' 
the Bailie assesses the damage done to Society ; but if the end of 
the cloth destroy the injured person's eye, the case will probably 
pass to the Sheriff. If a man in a drunken " spree " lift a pair 
of boots from a shop door, the Police Courts probably deal with 
him ; but if he has been in the habit, drunk or sober, of taking 
other people's property, he will very likely be passed on to a 
higher court. There is really no sharp line of demarcation 
between Police offenders and criminals. If we exclude all such 
transgressors of the law as may be dealt with by a Police 
Magistrate, we narrow our definition, but we drop out a large 
number of habitual offenders ; the very persons who are most 
frequently sent to prison. 

An Act for the more effectual prevention of crime (34 and 35 
Victoria, Cap. 112, Sec. 20), defines the expression "Crime" to 
mean " in Scotland any of the pleas of the Crown, any theft, 
which in respect of any aggravation, or of the amount in value 
of the money, goods, or things stolen may be punished with 
penal servitude, any forgery, and any uttering of any forged 
writing, falsehood, fraud, and wilful imposition, uttering base 
coin, or the possession of such coin with intent to utter the 
same." The pleas of the Crown are murder, robbery, rape, and 
wilful fire-raising. For the purposes of this paper I shall use 
the word " Criminal " to indicate one who has been convicted of 
a crime as defined by the section quoted, and " Offender " to 
indicate a person convicted of an offence not within the scope of 
the definition. 

In prison the criminal is not himself. He is a caged bird, not 
seen at his best or worst. He, whose respect the law could not 
command, who kicked against restraint, is now compelled to 
direct all his acts according to rule. His life has been arranged 
for him, and he might as well run his head against the wall as 
refuse to obey the rules. Everything is done with regularity and 
quietness, and the monotony of it all oppresses him. His 
inclinations are not consulted ; his anger not regarded — except it 
transgress the rules. Outside he may have had a reputation for 
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wit and sociability ; in prison he has no opportunity to make 
jokes, and no encouragement to try. He must not speak to his 
neighbours, and sociability is out of the question. He will very 
likely talk freely to any official visitor who is of an enquiring turn 
of mind ; and may be glad to get the chance ; but he is on his 
guard, and will not communicate information that may get his 
" pals " into trouble, and himself into bad repute amongst them, 
unless he believes he is going to gain a good deal by it ; and not 
always even then. He learns to take advantage of every opening 
that offers any chance of increased comfort to himself, and will 
readily make a general confession of sin and promise of 
amendment, if thereby he can gain sympathy and obtain 
privileges. It is not surprising that he should behave in this 
manner— the principle of making friends with the mammon of 
unrighteousness is very widely acted upon — but it is surprising 
that people who might be supposed to know his little ways should 
talk as if the criminal were a stupid person. 

Prisoners are visited by representatives of the churches, and 
efforts are made to turn them from their evil ways of living. The 
authorities give every encouragement to the ladies and gentlemen 
who seek to influence the criminal for good ; and there can be no 
doubt as to the zeal of those who undertake the work. If they 
are to a large extent unsuccessful in their efforts, they at least 
exercise a softening effect on the minds of the prisoners ; and by 
their manifestly kind intentions, by the personal interest they 
show in the lives of those to whom they speak, do much to 
diminish the mechanical monotony of prison life. To help 
anyone, it is necessary to obtain some knowledge of his past hfe, 
of the causes of his lapse from lawful courses, and of his 
capabilities. That the enquirers are sometimes deceived, that 
their enquiries are not exhaustive, and that their methods are not 
very systematic, may, to some extent, be true ; but they act as a 
kind of ambulance corps and give first aid to such as require it. 
Their diagnosis may be quite wrong ; but is there any organisa- 
tion prepared to overlook and correct it ? 

Unscientific as they are called we could ill afford to do 
without them. For the end they have in view, are their methods 
so unscientific as is supposed .^ They desire to save the individual, 
and they are responsible for giving very many a fresh start. If 
the criminal or offender really desire to do well, it is not their 
fault if he does not get a chance. But, very often freedom from 
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rule revives the inclination for company, and the penitent seeks 
the ** pub " with his waiting " pals." Not that he does not 
recognise the disadvantages of ill-doing, or is careless whether he 
return to prison again, but that the old pleasures and the old 
pursuits appeal to him. He would like to live a decent life, he 
will tell you, but he also likes to go on a " spree " ; and his great 
regret is, that the advantages and pleasures of both courses 
cannot be combined. The church visitors and organisations try 
to teach him new habits; and if this were a paper on the treatment 
of the Criminal, I might have something to say of their aims and 
methods; but, as it is merely on the study of the Criminal, I am 
only concerned to point out, that for their purpose — namely, to aid 
him on his discharge — there is nothing necessarily or essentially 
unscientific in their methods. They know that it is not always 
advisable to enquire too closely into the statements of an appli- 
cant for help. Provided there seems ground for believing that 
the desire and intention to do well is present, it is not always 
helpful, and may be harmful, to insist that the person shall tell the 
truth, the whole truth, and nothing but the truth, regarding his 
or her past. 

For some years back there has been much talk about the 
science of criminology, and the scientific study of the Criminal. 
There are so many sciences now-a-days that one more or less may 
not matter much. But it is a notable fact, that the less exact a 
science is, the more noisy its votaries become. The science of 
criminology has got as far as the name. Most books admit that 
there are not sufficient data on which to base conclusions ; and 
then proceed to suggest conclusions. Some have gone the 
length of publishing " composite photographs,*' not evolved from 
the inner consciousness of the author, but produced from twenty 
or more photographs of separate criminals. Such photographs 
cannot lay any claim accurately to show the Criminal as he is. 
They may claim to show the Criminal as he ought to be. Their 
precise use for practical purposes, it is hard to tell. Un- 
fortunately, if a man write a book (or a paper), bristling with 
figures and tables, it is taken with a degree of seriousness for 
which there may be very little justification. Whether it is that 
there is a presumption that what is hard to read must be good, 
or that the figures dazzle the mind of the reader, statements are 
accepted without question if labelled " scientific," which would 
command no acceptation if disentangled from the mass of more 
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or less irrelevant material with which they are associated. Few 
believe in the "ox in a teacup" of the advertisements; but not so 
many see the fallacies underlying the process by which the state- 
ment is arrived at from the chemical analysis, viz. : that, what the 
chemist has not found is not there; and that what he has found 
acts, when presented in the form of an extract, in the way and degree 
claimed for it by the physiologist. In some respects we are as 
much priest ridden by the apostles of science as ever any people 
were by their clergy. Whether the doctor is the milder tyrant is 
not for me to say. In one respect we are better off, at least, we 
are not burned for heresy. It is, therefore, with no fear for my 
skin that I admit my scepticism of the claim of the criminologists 
to have invented or discovered a scientific way by which 
criminals may be studied. 

A Criminal is a human being. The evangelists say he has a 
soul to save. Their statement may not be scientific. I don't 
know whether science admits that anyone has a soul. But 
it is a way, and a common one, of expressing the fact 
that a man is more than his body. In their point of 
view his body is the least important part of him. Many people, 
who are neither ignorant nor unscientific, agree so far with them. 
Perhaps they place too little importance on the condition of the 
body and its welfare, in some cases ; but if they do, their mistake 
is trivial as compared with that of those who assume that the 
Criminal is a brute, and regard his body mainly. The view of 
the religious agencies as to the needs of man's soul may be too 
limited ; but, if it were not for their action, prison would be a 
more dismal place than it is. The rules make provision for full 
attention to the prisoners' animal wants, so that they mostly leave 
in better physical health than they entered ; but, as a rule, they 
don't leave better men ; not because the body has not had its 
needs satisfied, but for some other reason, which, if I knew fully, 
I would know more than all the criminologists that ever wTote. 

No one has yet discovered a reliable method of estimating the 
nature, quality, and amount of a man's mental powers. One may 
learn what he says or does, but one can never be sure what he 
thinks. In practice we all try to form estimates by some means. 
Some people profess to be able to read a man's character by his 
face ; others judge him by his clothes. We arrive at different 
conclusions. Yet, for his own purpose, each man's judgment 
may be in the main, satisfactory; and no one troubles to challenge 
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his neighbours' methods, unless they are erected into a " science." 
Few people now-a-days believe that by feeling the knobs on a 
man's head, you can tell the faculties within ; but, we are asked 
seriously to believe that by measuring the head, facial angle, 
etc., we can arrive at reliable conclusions as to a man's mental 
powers. A number of criminals in confinement are measured, 
and certain common characters are discovered. Well and good ; 
but these persons belong to various social strata. What ratio of 
criminals does each stratum yield ? What evidence is there that 
the characters they hold in common, are not also proportionally 
present in the class in which they have lived, and who have not 
become criminals ? We get statements about the average size of 
criminals' heads, their average height, etc. ; what in the world 
have averages to do with the matter ? One man is 5 ft. 4 inches, 
and another is 5ft. 8 inches; neither is the average height of both. 
You couldn't make clothes for them on such a basis. 

When it comes to making composite photographs of a number 
of criminals, the absurdity of the claim of such work to be 
scientific is apparent. The intention one does not question, the 
labour expended one can admire, the conclusions as to the treat- 
ment of criminals one may agree with, but the methods one can- 
not admit to be scientific. 

The new phrenology differs from the old in respect that it 
changes its terms and insists on more exactness of measurement. 
Like the old it may be fairly successful in judging men after they 
have exhibited their qualities ; but it does not enable one to say, 
when a crime has been committed, that the perpetrator should be 
isought for among men with heads of a certain description. If its 
most enthusiastic supporters were logical, they would be found 
advocating a law to make the possession of a head with certain 
malformations an indictable offence; just as in the good old days 
if there were a doubt as to which of two persons had committed a 
crime, the uglier was held to be guilty. Perhaps some of the 
scientific men would then be in as parlous a way as their 
neighbours. 

The size and shape of the head, its asymmetry and malforma- 
tion, can be measured and estimated with a fair amount of accuracy. 
This, and more, is done now with a view to the future identifica- 
tion of individuals; but the theory underlying the practice of 
taking such measurements, is that no two criminals are exactly 
alike. The theory the criminologists seek to establish is 
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that all criminals are very much alike. They would probably 
demur to this statement, and claim that they rather desire to show 
that criminals are more like each other, as regards the measure- 
ments of their heads, etc., than like the non-criminal population. 
But this is precisely what no attempt has been made to prove ; for 
the non-criminal population has not been measured. True, check 
measurements are given, but on what basis? loo criminals are 
compared with say 500 non-criminals ! No one professes to 
believe that the criminals are as one to five of any population. 
Such work may be good work so far as it goes, but it is work not 
half done. As an amusement it may be highly satisfactory and 
harmless, so long as it is recognised as such ; and so long as those 
who indulge in it are content to be quiet about it no one has any 
call to interfere ; but when it professes to be a means whereby the 
problems of the treatment of criminals and the prevention of crime 
may be solved, it goes too far and becomes mischievous. It gets 
in the way of practical work. The whole process is suspiciously 
like that of the salespeople in certain stores ; if you want a scarf 
and they cannot suit you, they won't allow you to go out until you 
buy a pair of braces, or something else you don't want and never 
intended to buy. They often succeed too. So you are offered 
measurements of the outside of a man's head, in lieu of estimates 
of his qualities. These latter are given also ; but they are obtain- 
ed on a basis no more scientific than that of those formed by the 
unscientific missionary, />., from the statements of the prisoners. 
Regarding prisoners statements, and the use made of them, I shall 
have something to say later. 

That we each inherit certain faculties from and through our 
parents is indisputable ; but what each ancestor transmits is quite 
unknown. Perhaps this is why " heredity " is prayed in aid when 
we cannot trace the cause of misconduct or disease. " Original 
sin " does not furnish a " scientific " explanation ; " heredity " 
is a better, and newer name for one's ignorance. For what, after 
all, is meant by the expression *' heredity" as a cause of crime, 
if not that by reason of the faculties transmitted from, and through 
parents, faculties possessed by these ancestors, and traceable to 
them, a person is impelled to commit crime, and unable to do 
otherwise. 

Some of our forefathers, theologians, held, that all things were 
predestined by God. Their sons, while rejecting the old doctrine, 
apparently think it scientific if the wording is changed so that 
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what was attributed to God is attributed to heredity. In practice 
the theory is barren. If a man knows anything about anybody in 
this world, surely it is about himself. The knowledge is incom- 
plete, but it is more full and varied than about anyone else. 
Next he may be expected to know something about the qualities 
and faculties of his wife. But all his knowledge of both, and of 
all that has been written on the laws of heredity — whatever they 
are — does not enable a man to forecast with any degree of accuracy 
whatever, the faculties and tendencies of his infant child. As 
little do they help him to trace back the faculties and tendencies 
when these have developed. In the case of criminals brought up 
in hot-beds of vice and crime, it is even more hopeless to trace 
back a family history ; because there is often a grave uncertainty 
as to the personality of the male parent. It would help students 
and would be more honest intellectually, to say that a cause is not 
known, rather than to place it under " heredity " so long as the 
word is used in a vague sense. To say that as wolves breed wolves, 
criminals breed criminals, is nonsense and mischievious nonsense 
As canaries breed canaries, do poets breed poets ? Criminals are 
men and women who have gone wrong ; not necessarily because 
of the possession of certain powers, inherited or otherwise, but 
because these powers have been used in a wrong way. They fall 
from all classes ; and there is no evidence whatever to show that 
if their children were taken from them in early life and brought 
up in healthy moral surroundings they would as a rule take 
to crime ; but there is a good deal of evidence on the other 
side. 

Another theory of crime is that it is due to insanity. The term 
"insanity'' has never been satisfactorily defined. In criminal 
law it connotes irresponsibility, and in practice this connotation is 
accepted. Now, no one will deny that some crimes are due to 
insanity ; but to hold that every criminal is insane is either to go 
too far or not far enough. It is not the case that any considerable 
proportion of criminals is either insane or weakminded. Some 
become insane, many rapidly break down physically and mentally, 
but the reckless way in which they live would break down any 
constitution, however strong. It is not unfair therefore to suggest 
that the break down in body and mind which takes place in many 
cases is not the primary cause, but the effect of crime. In its 
turn this weakness, preventing the subject from working honestly 
if he would, may confirm him in his vicious ways of living ; but 
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that is altogether different from suggesting that in his case 
it was the initial cause, or one of them, which led him to 
crime. 

In the year 1901, the last for which figures have been published, 
13,183 persons were admitted to Glasgow prison. Of these ten 
were found insane. Five of them had never been in prison 
before, were charged with crime committed while insane, and were 
never brought to trial, but sent to lunatic asylums. Of the 
remaining five, three had been known to me for years as prosti- 
tutes and drunkards. They gradually gave way, physically and 
mentally, and became certifiably insane. When I first knew them 
neither was a stranger to prison, but neither was in the slightest 
degree insane. Persistence in drink produced delirium tremens. 
By prostitution they contracted Syphilis. Imprisonment kept 
them from killing themselves by their excesses, but did not undo 
what had been done. Persistence in indulgence when possible, 
culminated in insanity. In the remaining two cases there was a 
record of drunkenness, but few convictions were recorded against 
either. I am not in a position to say definitely in their cases 
whether their drunkenness was the result or the cause of their 
insanity. 

The statistics of Inebriate Homes with regard to the proportion 
of insane or weakminded among the inmates offer no data on 
which to form any conclusion. The inmates are there because of 
their indulgence in drink ; and in some homes they are admitted 
without any but the most superficial inquiry into their past. It is 
therefore impossible to say whether their mental condition is a 
cause or the effect of their way of living. 

But there are some weakminded creatures who gravitate towards 
prison. They are not weak enough to ensure their detention in 
an asylum, and not strong enough to bear the burden of life as 
they know it. Their number is small, and they are seldom crim- 
inals except when used as tools by others. They mostly appear 
charged with drunkenness. I do not think I know of more than 
a dozen of them. Indeed I have seen very many more of these 
weakminded persons about religious meetings than about prison ; 
and such a condition of things says a great deal for the churches. 
These people are usually quiet, easily led, disposed to be obedient, 
of a passive disposition ; and the kindness they meet with from 
the agents of philanthropic and religious societies, influences them 
to follow the lead they get towards right living. 
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There is another class who have sapped their strength of body 
and mind by their way of living, and who are permanently 
enfeebled physically and mentally in consequence. They are 
sometimes prowling about the streets, sometimes in prison, in the 
poorhouse, or in the lunatic asylum. They have no abiding 
city till they are gone past recovery, when they end their days in 
the asylum or poorhouse. In their case, as with some waifs 
with a poor physique, their mental and bodily condition may fairly 
be classed as a probable cause of their criminality. It is seldom 
the initial cause. 

There are some crimes which from their gravity predispose one 
to believe that their perpetrator is insane. Accordingly in 
murder cases, at any rate in this part of the country, an attempt 
is almost invariably made to prove that the culprit is or was 
insane. There is no difficulty in getting medical evidence. In 
some cases lawyers have received letters from medical men who 
had never seen the culprit, but who from the newspaper accounts 
of the crime were quite prepared to believe in his insanity, offer- 
ing to see and examine the man, and give evidence, and that 
without fee or reward. There were no mercenary motives in these 
cases : but a wrong-headed belief that a murderer must be insane. 
A little consideration will show how little ground there is for this 
hypothesis. 

The issues of a man's acts are not in his hands. It is within 
the experience of every hospital student that people recover from 
injuries which might reasonably be expected to result in death, 
and die from injuries which at first seemed likely to end in 
recovery. It is within everybody's knowledge that blows inflicted 
on some parts of the body cause little harm, while if they fall on 
other parts they may cause death. An angry man may not be 
very particular where he strikes. If he kill his victim an attempt 
will probably be made to prove him insane : and thanks to the 
prejudice in the minds of the jury that he must have been **daft" 
or he would not have done it, and to their aversion to capital 
punishment, they will usually not convict of murder. If, however, 
the victim recover, no one dreams of suggesting that the culprit 
is insane. So that the determining cause of a plea is, frequently, 
not the nature of the act, but its result : />., not the mental con- 
dition of the culprit, but the physical condition of his victim. 

But, we are told, if not insane they are mostly at least 
*' degenerates." I have made more than one attempt to find out 
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what are the " stigmata of degeneration " but without satisfactory 
result. True, in almost any work on criminology they are referred 
to or given : but there is no evidence whatever that they are 
peculiar to criminals. Indeed some of them are exceedingly 
common, e.g,^ asymmetry of the face : and others correspond with 
marks the result of known diseases. Now the consciousness that 
one is the subject of a disease or deformity may have a depressing 
effect on the mind, and lead to a course of action quite at variance 
with one's past ; but it does not follow that the variation will be 
towards crime. Many men have become religious after suffering 
a severe injury ; more than have become criminals, I should think. 
On the other hand I have known one case where a man after the 
loss of a limb by an accident became suspicious and jealous of his 
wife. So far as could be ascertained she had given him no reason 
to distrust her ; but he regarded himself as a wreck, and argued 
that she could not be expected to retain her affection for him. 
He ultimately attempted to kill her, and committed suicide. In 
these cases the psychological effect of the deformity or disease is 
so great as to cause a complete change in its subject. The 
amount of the deformity may be small, or the disease may be 
trivial, compared with its effect on the mind. On the other hand 
a person may have a defect, congenital or acquired, and yet not 
allow it to oppress him. Its mere existence proves nothing at all, 
except that it is there ; and to call it a stigma of degeneration is 
to beg the question and take a part for the whole. That, because 
of their physical weakness, some people are driven to crime, is 
true ; but only in a limited sense, for the disabled are better look- 
ed after now than ever they were. Their choice of occupation is 
necessarily narrowed ; but they are the special care of the religious 
and philanthropic. This care is, however, largely conditional on 
their conduct ; and while a strong man may make a living and be 
neither religious, a pauper, nor criminal, a weakling will find more 
difficulty in evading one or the other alternative. 

A man's face and body will bear some marks of the life he has 
led. Habit stamps more than his mind. Habitual criminals 
and offenders tend to have a debased look as a result of their way 
of living ; but it is far from being the case that they all have a 
bad appearance. The ablest among them are very decent looking 
persons, because they are the least sensual in their habits. Even 
if a saint were to indulge in riotous living : drinking and engaging 
in all sorts of excesses, careless of his health, and irregular in his 



Dr James Devon on The Study of the Criminal, 57 

doings ; the only halo that would be left him would probably be 
one round his nose. ' Vicious indulgence leaves its mark on 
them ; disregard of the most elementary precautions against the 
weather, promiscuous sexual indulgence, sooner or later entail 
disease upon them. A few years of evil living transforms a 
healthy woman into a bloated hag. See her then, compare her 
with others like herself, and you will get many qualities and marks 
which they have in common ; but these are the effects and not 
the causes of her way of living. When first they come to prison 
most of them appear in no way different from their non-criminal 
neighbours outside ; but these recruits are not measured : they 
have not yet proved to be habituals. The old soldiers of vice 
and crime are examined after long service when their original 
appearance has changed and their whole character has been 
debased ; and no attempt is made to distinguish between their 
natural and acquired characteristics. 

If the criminal or offender is doomed by heredity, insanity, or 
degeneration, to behave like a wild animal and prey on society, it is 
useless to talk of reforming him ; and those who propose that, for 
the protection of the Community, habituals should be sent to the 
lethal chamber, have a good deal to say on behalf of their pro- 
posal. They say it would prevent the propagation of criminal 
lives ; and that gradually we would have a race growing up which 
would be free from criminal tendencies. What they forget is, 
that the experiment has been tried, and without success. Not 
■only habituals but occasional criminals were put to death before 
they had gone very far. Scores of them were hanged last century, 
yet the supply did not diminish. Since milder and more humane 
methods have been adopted, there has been a marked difference 
in the behaviour of criminals. There are fewer exhibitions of 
brutality outside ; and in prison their behavour is less savage 
than it was. The worst use you can put a man to is to kill him. 
If we cannot give them new bodies or minds, we may teach them 
to make the best use of such powers as they have ; and, with a 
more suitable way of living, modify greatly their physique and 
tendencies. Few of us have not seen some very bad cases 
reform; even with crooked noses and retreating foreheads. 
After all it is not the body or faculties which a man possesses 
that determine whether he shall be a criminal. It is the use he 
puts them to. 

As to psychological study of the criminal on scientific lines, it 
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should be noted that it has not more claim to the name, so far 
as its methods are concerned, than the study made by the 
Church visitors. Both are based on, and frequently end in, 
questions put to the criminal in prison. I have already pointed 
out that this is like writing a natural history from a study of 
caged birds. 

As a rule it is not difficult to get convicted criminals to make 
statements in answer to questions ; but it is exceedingly difficult 
to get the truth out of them ; sometimes it is not in them. Not 
that they set themselves out to deceive. Sometimes they do ; 
especially if they think they can gain anything thereby. But they 
are very often not accurate either in their habits of thought or of 
expression ; and they are seldom anxious not to deceive. In 
none of these respects do they present any very marked difference 
to those who are not criminals. Very many people do not tell 
the truth to themselves, when they have erred ; and few when 
confessing their errors to others do not soften the narrative. 
Some have even been known to lie boldly in order to retain the 
good opinion of their neighbours ; and if one's opinion of them, 
through a misapprehension of something said or done, should be 
obviously too high, they considerately leave time to correct it 
rather than trouble us with an explanation. Just so do criminals. 
Much of the information to be got from them will depend on 
what the enquirer knows, and on who he is. A criminal is just as 
unlikely to unbosom himself to any enquiring stranger as one of 
us would be ; he is just as likely to feel resentment, though his^ 
manner of showing it will necessarily be different. Every state- 
ment requires to be carefully checked before it is of any value. 
It is unfortunate, to say the least, that enquiries should some- 
times be undertaken on a wholesale scale and should be entrusted 
to people who have not the requisite training to prosecute them,, 
and who have very little interest in anything save in obtaining an 
answer of some kind to questions prescribed. 

The relationship between drink and crime has long been a 
subject of enquiry ; and most contradictory statements are made 
and backed by figures. Nothing is more common than the 
remark by prisoners, " If it hadna been drink I wouldna been 
here." But not infrequently a little conversation brings out the 
fact that the speaker had often stolen when sober, but had not 
been caught. No one can have anything to do with the admini- 
stration and execution of criminal law, and not be impressed by 
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the terrible and widespread effects of drunkenness ; but that is all 
the more reason why accuracy of statement should be sought. 
Full investigation would probably show that drink, while a factor 
in the commission of very many crimes, does not play the part 
attributed to it in a good many cases ; on the other hand it 
would probably be seen that it had exercised quite unsuspected 
influences in others. Investigations take time. No two men 
can be approached in precisely the same way ; nor will the same 
man be equally communicative at all times. 

An investigator needs to be always on the alert ; and his first 
effort should be to get at the standpoint of the person he is 
examining. He cannot have too much local knowledge of the 
haunts and homes of the class to which the prisoner belongs;. 
the more he knows the more he will learn ; and the more easily. 
A knowledge of workshops is very helpful ; and a knowledge of 
the dialect, methods of expression and figures of speech of the 
lower labouring class is essential in many cases. I have known a 
man after a patient and laborious enquiry into a case come to the 
conclusion that the culprit was a person of low intelligence ; while 
the person of low intelligence (who was really a very shrewd and 
keen witted occasional thief) afterwards expressed a similar opinion 
of the amiable and energetic gentleman who was examining him. 

*• He's a of a flat," said he. Any appearance of censorious- 

ness is fatal, while apparent sympathy with, or matter of fact 
acceptance of, the aims and intentions of the prisoner, may act 
as a solvent of silence. 

It is not the fact that little attempt has been made to study the 
criminal in this country. It is no reproach to us here, that we 
have not taken up the so-called scientific study of those in prison. 
It offers no hope of solving the problem of the prevention of 
crime. Any formula is comparatively easy to carry out, with 
some practice ; but no formula will serve. We must take the man. 
But although the criminal is studied and observed, although 
societies have not been without effort to aid in his reform, no 
rational and systematic attempt has yet been made in this part of 
the country to collect observations and make investigations. I 
do not pretend to show any short cut to knowledge, but I venture 
to suggest a way in which the foundations of a really scientific 
knowledge of criminals might be laid ; whilst at the same time a 
good deal might be done in the prevention of crime — which after 
all is the only justification for seeking the knowledge. Instead 
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of spending much time on the veterans, in the first instance, I 
think efforts should concentrated on the recruits to the ranks of 
criminals and offenders. An attempt might be made to get from 
each person who is convicted for the first time, an account of his 
or her past history. It might be as true as most autobiographies ; 
it could be made more useful. To obtain this would be no easy 
undertaking, as anyone who has attempted it will know. It 
cannot be done in a few minutes. To obtain a sketch of any 
importance usually takes hours. Once the information received 
is recorded, an attempt should be made to check it thoroughly ; 
to estimate in the particular case what have been the main 
factors in leading to the commission of the fault ; if the trans- 
gression is an aberration from the path in which the culprit had 
been trained to go ; or whether his position is not the natural 
outcome of his usual habit of life. To do this would necessitate 
a considerable expenditure of time and talent ; but it would pro- 
vide a basis on which an attempt might be made to place the 
prisoner in a situation on his liberation, where his good qualities 
rather than his bad could be appealed to, assuming that he really 
desired to do well. I am well aware that in many cases this 
assumption is not warranted ; the person concerned wishing to 
live his own life in his own way, and dropping back to his old 
associates and pursuits after his liberation. But enquiries such 
as I suggest might have the effect of breaking up the associations 
and stopping the pursuits, or at any rate destroying or modifying 
their power of attraction. A concrete case may help to make my 
meaning clear. Accordingly I take the last case which has come 
under my observation at the time of writing. A young woman is 
charged with theft from a man. I give part of her story omitting 
names of persons and places. It is to the effect that she is the 
daughter of respectable parents who do not belong to the poorest 
class. She has been in a situation in a large public work and 
among the girls there she gets friends. With her friends she goes 
to certain "dancings." She is fond of dancing. She knows 
quite well that some of the girls who go there are of immoral 
character, but she does not speak to them at first. Attempts are 
made on her chastity, which she evades. Her parents do not know 
that she is going to such places, possibly do not know of their 
existence. She always leaves early and is home at a decent hour. 
Her companions dress better than she. She knows that they 
supplement their daily earnings by occasional prostitution — not 
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called by that name — and sometimes by helping themselves to 
the property of others. She is caught fraudulently attempting to 
get money and goods, but is dealt with under the First Offenders 
Act. She is placed in another situation among " Christians," 
(as she expresses it,) but secretly finds her way back to the 
dancings. She is not now so particular as to her associates there. 
There is a certain bond of sympathy with them since her own 
conviction. She goes to a well-known restaurant with them and 
with men, is treated there, leaves in the company of a well-known 
prostitute and two men ; and a new phase in her career begins. 
She says she had been drugged first. 

I shall not follow the story further. That it is at least partly 
true I know. Now, if there were an outside agency to whom 
such reports could be communicated for the purpose of 
investigation, it is obvious that while all cases could be treated as 
confidential, a fund of observation could be made public as to the 
pit-falls into which the unwary fall. That there are dancings 
which are attended by loose persons, is known to the police ; but 
they cannot interfere so long as their regulations are complied 
with. The same statement applies to certain restaurants. It is 
not advisable that the power of the police over them should be 
increased ; but it is advisable that light should be thrown on them. 
If the truth were known about some of these places the supply of 
recruits to them would tend to cease. A judicious check in the 
beginning might have caused the girl, part of whose story I have 
outlined, to avoid the course she followed. As to the allegation 
of drugging it is one not infrequently met with, but in support of 
which I have not been able to obtain any satisfactory evidence. 
The police and prison officials have their hands full already, and 
the work of investigation would be better done by others. Just 
as the Charity Organisation Society collects information respect- 
ing applicants for relief, a society for the purpose might 
investigate the cases of criminals and offenders, and while 
refraining from publishing anything whereby individuals would be 
identified and suffer loss thereby, they might direct public 
attention to unsuspected causes of temptation and fall, and 
contribute to the prevention of crime by removing occasions 
of it. 

When people know they are being observed they walk more 
circumspectly; and the desire to do a wrong thing is not 
infrequently killed by the absence of opportunity. My own 
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opinion is that certain vicious desires and wrong acts are a phase 
in the hfe of some persons — temporary in duration if not con- 
firmed. You have known the small boy who walks on a 
parapet and has a delightful thrill of horror at the knowledge 
that a false step may cause his death. It is a pleasure because it 
is forbidden. Many do it and few fall. After a time its charm 
ceases. So with people who are no longer boys and girls in 
years. They wish to taste forbidden pleasures. Many sip and 
pass on, but some get caught. It is but a short step from vice 
to crime ; and a course of conduct begun with lightsome heart 
and without criminal intent may, and does, sometimes culminate 
in committal to prison. 

Coltishness is a more common cause of crim^ than is suspected. 
But of the causes of crime I know as little as "any criminologist. 
Much could be done to discover the causes if some such plan as 
I have suggested were carried out. The facts collected could by- 
and-by be arranged, and would form a truly scientific basis for 
induction. Meantime, something could be done for each case as 
it occurred. After all, the only way is to go into each case on its 
merits, untrammelled with theories. Crime occurs in all social 
grades ; in some the temptations are greater and more than in 
others. The problem is to find the way in which a given person, 
or number of persons, could be removed from conditions in 
which the temptations to evil-doing are greater than they can 
resist, and placed in other conditions favourable to the develop- 
ment of such good qualities as they possess, without at the same 
time destroying their power of initiative. It can never be solved 
by a study of the criminal in prison, but by the study of the 
conditions which foster crime and wrong doing outside. 
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IV. — Public Expenditure in t/ie Fostering of Commercial and 
Industrial Education, By John G. Kerr, M.A., LL.D. 



[Read before the Society, nth February, 1903.] 



The other day an accredited man of affairs, whose interest in the 
progress and stability of Glasgow is beyond question, gravely 
remarked that " he did not believe in free libraries and free educa- 
tion," and added, " what freedom could there be in connection 
with a thing which was provided by compulsory taxation ? " Had 
the speaker been commonplace, one might have taken his words to 
be a captious protest against the misuse of the adjective " free," 
but as this view cannot be entertained, the words must stand as a 
protest more or less definite against public expenditure on 
education. A few days later the same authority contributes the 
following weighed sentences : " Everything that was added to the 
oncost of our manufacturers by increased or unnecessary municipal 
or other expenditure, impeded progress when we had to compete 
with foreign countries." He continues, " we must take a plain, 
business-like, commonsense view of matters." This seems all 
right. At any rate it would not become me to take exception to 
the phrase. Yet I am forced to recall a somewhat startling 
remark which fell from Mr Goschen in '77, when delivering, at 
Liverpool, an address of permanent value on the cultivation of the 
imagination. This is what he said: — "I am often frightened when 
upon some great question I hear a man say, * I am going to take 
a very business-like view of this question. It is almost as bad as 
when a man, upon some question of propriety says he is going to 
look at it * as a man of the world.' " 

Be that as it may, let us look to the outcome of our authority's 
business-like view. He says, " We must further the commercial 
interests of Glasgow by training men well," and this finding we 
iieartily endorse, although we may not be quite clear as to his 
meaning of ** training well." The point of immediate consequence 
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is that the finding implies a recognition of advantage to be got 
from collective action in suitably educating our youths for busi- 
ness, and therefore some justification of public outlay to that 
end. The next sentence, however, seems to bring us back to 
the starting point, for it declares that ** Individual effort was 
what they looked for to promote the city, to promote every- 
thing in connection with the welfare of the people." There can 
be no doubt as to the trend of this thought, and little doubt, 
therefore, as to the speaker's meaning when he objected to free 
education. It is quite an old story. 

Most people who write articles and make speeches use no restraint 
in testifying to the incalculable benefits that flow from schemes of 
National Education, publicly maintained and publicly controlled, 
but in view of the prospective development of our already highly 
developed system, it may be well to bear in mind that here and 
there are thoughtful men who are not quite so sanguine in their 
estimate, and so enthusiastic in their advocacy. 

Some objectors feel that State interference runs a risk of being 
pushed too far, and that economic man is not getting sufficient 
elbow room. They are indebted to, and appreciate, Petaf 
gendarme, but they are not quite prepared for the "aggregate 
conscience" and moral sense of the nation operating through 
Acts of Parliament. They would provide the bare rudiments of 
education on the grounds mentioned by Mill — ** that others are 
liable to suffer seriously from the consequence of ignorance and 
want of education in their fellow men." But they have not yet 
got habituated to a tendency " to strengthen and equip at the 
general expense, the lower and weaker against the higher and 
wealthier classes of humanity," or rather they are disposed to dis- 
courage any measure on which that interpretation could be put. 
Others again seem to think that the return for the outlay on 
education has not been satisfactory. 

Sir Charles Cameron, during his free education campaign of 
1880, asked his Glasgow audience to consider the reasons which 
led to the adoption of State-supported compulsory education. 
"Was it," he asked, "the good of the child?", "or was it the good 
of the public ? " and he continued, " I have no hesitation in reply- 
ing that it was the good of the public." "But why should it 
matter to the public whether our youth be educated or not ? " and 
this was the answer he offered, " For the simple reason that 
experience has shown that to leave them uneducated is the most 
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certain way of allowing them to gravitate into pauperism and 
crime. As a public insurance then, against crime and pauperism, 
as a rational investment for the production of wealth-earning and 
tax-paying citizens, the nation has adopted the principle of State- 
supported compulsory education — an education of the people, for 
the people, by the people." 

The question now arises — has State education during the last 
30 years worked out in the way Sir Charles Cameron anticipated ? 
One is disposed to reply boldly in the affirmative. Yet the fact 
remains that responsible people speak of the prevalence of the 
hooligan and the young criminal, and the statistics of public 
expenditure on the poor and the police, point the other way. In 
Germany, Austria, France, Russia, Italy, Holland, and the 
United States, I quote from Mr Gorst's alarmist book "The 
Curse of Education," juvenile crime has, according to statistical 
information increased largely during the last quarter of a century. 
That such statistics are misleading unless we know all about 
alterations in the law and in the activity of the police has been 
illustrated of late in our own city. The weight of evidence, how- 
ever, cannot be said to be against Mr Gorst's conclusions, as to 
the inefficiency of State education in diminishing crime. Now, as 
crime is the outcome of character, the conclusion suggested by 
Harold Gorst's statements, and insisted on by Sir John Gorst 
in his British Association address two years ago is that, so far, 
State education, either in Britain or abroad, has had little 
influence in developing character, and that attainments without 
character can avail little in the long run. Professor Virchow, 
after 40 years* experience in public work, had to regret that he 
could not bear testimony to Germany having made progress in 
forming the characters of pupils in its schools — on the contrary, 
he feared that they were on the downward path, and this, he 
thought, was connected with shrinkage in individual work. 

Turn now to another witness ^and another view of the problem. 
Herbert Spencer in an article published last year, continues his 
long fight against the State maintenance and control of education. 
He contends that " the thrifty parents, the energetic and those 
with a high sense of responsibility will buy education for their 
children to a greater extent than will the improvident and the 
idle. "And," he urges, "if character is inherited, then the average 
result must be, that the children of the superior will prosper and 
increase more than the children of the inferion There will be a 
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multiplication of the fittest instead of a multiplication of the 
unfittest." 

I adduce this characteristic statement, not as an argument 
against free education, but as a justification of what has been 
done already, and as a stimulus for further developments. I 
come to this result by easy stages. 

It is the case that the thrifty and energetic parent will, with a 
high sense of responsibility, deny himself in the interests of his 
son. Obviously, this self denial springs from high character, and 
there can be little doubt that the character of the parent directly, 
as well as by example, exercises a powerful influence for good on 
his boy. Consequently, says Spencer, the boy with this endow- 
ment and influence attacks his education under favourable con- 
ditions, and, as a rule, turns it to splendid account. With this 
finding my whole experience, and it is a large one as regards 
self denying earnest parents and their boys, is in entire 
agreement. 

But, surely the fact that a system of Government grants and 
-competition bursaries has brought the cost of a good education 
for a boy within the reach of a parent, cannot be held to have 
detracted from the character of the parent and the character of 
the son. Any special act of self denial involved in providing 
educational facilities for his boy, and in providing food, clothes, 
and house-room for him, does testify to, but cannot be considered 
as determining the parent's character. That goes further back, 
and is the outcome of a long series of circumstances. Accord- 
ingly it seems to me that Herbert Spencer's words must be taken 
as an unqualified acknowledgment by him of the personal profit 
a suitably conditioned boy may be expected to gain from 
education. 

Perhaps, after all then, we may conclude that Herbert 
Spencer's dislike to have the State opposing the progress of 
natural selection, and its consequence, the "survival of the fittest" 
is quite groundless, and that, on the other hand, Huxley's 
expectation announced in 187 1, that education would pick out 
the fit and facilitate the descent of incapacity may be more 
reasonably maintained. 

But should the social situation of to-day force us to admit, as I 
believe it does, that Huxley's terse and not quite pleasant 
saying, touches the truth, it does not follow that a serious 
obstacle has got into the way of our advocacy of increased 
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educational opportunity at the public expense even on the 
grounds laid down by Sir Charles Cameron. It may be true 
that the public insurance against crime and pauperism cannot 
easily be shown to have been realised, yet the second purpose, 
viz., the production of wealth-earning and tax-paying citizens has 
undoubtedly taken place, and there is reason to associate this in 
some measure with educational progress. 

Professor Smart in his " Distribution of Wealth " sets down 
;^ 1, 200,000,000 as the money representative of the concrete 
income which the community in 1875 supplied for its own living, 
and ;^ 1, 500,000,000 as the income for 1898. The rate of 
increase of annual income for this period is 25 per cent. During 
the same period the population of the United Kingdom rose from 
33,000,000 to 40,000,000, i.e.^ a little over 21 per cent. I have 
compared also the assessable annual values of 1885 and 1901, 
and find that while the rate of increase for that period of assess- 
able annual values is 32 per cent., the rate of increase of 
population for the same period is slightly over 16 per cent. It 
would not be safe to attribute this total and relative increase of 
wealth solely to education, nevertheless it is suggestive to find 
increased expenditure on education followed by increased wealth 
producing efficiency, and it is no exaggeration to say that every 
public man who argues for improvements and developments in 
our national education claims that material progress is closely 
associated with such developments. "'I am not afraid," said Mr 
Asquith, " of the armies or of the navies of the world. We can 
hold our own on the seas. I am not afraid of the superior natural 
resources which many countries possess as compared with ourselves. 
What we have to be afraid of, what is really a menacing and 
formidable danger is, that we are being left behind in the race of 
instruction, that our workmen and our capitalists, that the whole 
of our industrial and professional population are not keeping 
abreast with our most formidable competitors in the great 
markets of the world, and if we do not speedily and effectually 
bring ourselves up to their level, we shall suffer the fate which, 
as all history shows, is reserved by Providence for the countries 
which allow their intelligence to slacken and to sleep." 
Accordingly Mr Asquith declared that "it is of paramount 
consequence to get placed within the reach of the people of this 
country in a regular graduated scale — the means of developing 
their intellectual powers, of their acquiring a specialised know- 
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ledge to carry on the great competition with the rest of the world," 
and of course he added "that is the thing which we of the Liberal 
party ought to bend all our energies to secure." What Mr 
Asquith said, is said on every hand, and the same note runs 
through all the sayings. Thus, the other day, at Scarborough, Mr 
Acland, when opening the municipal school, remarked that as 
compared with our great competitors in Germany and America, 
our great weakness lay in the short school life of able pupils. 
And Mr Haldane, opening the Wigan Mining College a few days 
after, made a great speech round the central idea. " People 
now realised that not only was education a good thing in itself, 
but that we could not hope to compete successfully with our 
commercial rivals unless we had more of it." There is no end 
to this sentiment. Hardly a speaker fails to predict national 
failure unless supremacy, or at any rate, successful competition is 
maintained, and one might, with considerable accuracy, sum up 
the current views in this way. (i) Our national progress is 
measured by our success in international competition; (2) 
Success in international competition is determined by cheapness 
of production, and (3) cheapness of production is promoted by 
education. I do not propose to examine these doctrines. I would 
point out, however, that Lord Goschen addressing the individual 
said, *^ I think you will hold that education must do more for you 
than enable you to win your bread, outstrip your neighbours, and 
enable you to marry and bring up a family," and no doubt the 
alarmists who believe, to quote the words of the American Consul 
at Liverpool two years ago, " that foreign competition will go on 
its conquering way until hard times set in when England will 
waken up to the need for reform in education," I say that those 
alarmists, and their name is legion, who hold this view, might 
do well if, in their efforts to combat national decline in wealth, they 
also kept before their minds Marshall's calculation **that perhaps 
;^ 1 00,000,000 annually are spent by the working classes, and 
j^4oo,ooo,ooo by the rest of our population, in ways that do 
little or nothing towards making life nobler or truly happier," 
and Goschen's additional requirement of education, that 
" it should ennoble, brighten, and beautify the lives of 
individuals." 

I must be permitted to pass from the thoughts which these 
references are calculated to evoke, with the simple acknowledg- 
ment that no satisfactory discussion of educational questions can 
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disregard them. My immediate purpose was to produce some 
evidence of their being a consensus of opinion in favour of 
pushing public education. Those who have had opportunities of 
reviewing the changes which our education has brought about 
during the last 30 years, may not be able to explain away the 
cases of apparent failure, but there will be, I feel sure, a large 
volume of testimony as to the advantages that have come to the 
average pupil, and the very marked progress that has been made 
among those of really good capacity. Who doubts for a moment, 
that there is now in our Universities and Technical Colleges a 
much larger proportion than there used to be of well trained well 
equipped, most able and most earnest students, with the promise 
of doing splendid public service in due course if they can only be 
induced to pay scrupulous regard to their physical health ? Has 
not the age of starting apprenticeships in most industries and 
businesses been advanced as much as 18 months or 2 years? and 
is it not the case that a very large proportion of apprentices of 
to-day having keen intelligent interest in their work, are in a 
much better position than they were to receive a profitable 
education from their surroundings? Their extended school 
education has not produced a lethargic self-satisfaction or a 
frivolous tendency. You may ask, what proof? I refer you to 
some 30,000 youths in the Glasgow area enrolled in evening 
continuation classes. The Athenaeum has an enrolment of over 
2,000, and at the Glasgow and West of Scotland Technical College 
some 4,000 evening students are attending, on an average 4 hours 
per week, classes of a severely technical character. Are these 
figures of voluntary effort, involving personal outlay of money and 
leisure, not ample guarantee of goodly return for the expenditure 
of the past ? Far be it from me to contend that we are getting 
the best out of our schools. I merely argue that genuine good is 
being done and on a large scale. 

Professor Virchow and Sir John Gorst deplore the absence of 
character forming, but even this defect is not beyond treatment. 
The remedy, however, will not lie in further regimentation, but as 
Virchow by implication points out, in the encouragement of 
individual effort. I have said that the outlay on education is 
bringing in a good return and promises still more. If it were not 
so would the tax-payer sit silent ? Would the rich respond so 
readily to appeals ? Since 1890 the record of private benefactions 
to higher education in the United States approaches ;^2 5,000,000. 
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Our own Universities are always getting gifts, and Carnegie takes 
a place on the roll of Scottish patriots. Has Glasgow failed to 
attest its belief in educational influences? Gilmorehill bears 
witness in its favour, and it is, I doubt not, with no common 
pleasure that Mr Copland sees the new Technical College take 
shape under his guidance. A brief paragraph from the Herald, 
and a searching chapter in Spencer's '* Facts and Comments,'* 
forced me to consider where we were, and at the risk of 
wearying your patience, I have put these considerations before 
you. 

The following are a few statistics relative to the growth of 
National expenditure on education in the United Kingdom. 

"In 1832" says Sir Henry Craik, "the sum of ;£'2o,ooo for 
public education was placed in the estimates, and the first step 
was taken in that course from which the State has never drawn 
back.'* In i860 the grant was ;^8oo,ooo, and for the current 
year the estimate for education in Great Britain is over 
;^i 3,000, 000, being a charge of 6s. 4d. per head on the total 
population. This simple statement conveys a sufficiently definite 
impression of the progress, and no good purpose could be served 
by leading out from Blue Books heavy battalions of statistics. 
One or two sets of illustrative figures may be permitted. In the 
voluntary schools of England the annual cost of educating a child 
in average attendance rose from jQi 7s. 5d. in 1872 to jQ2 6s. 4d. 
in 1900. During that same period the Board School cost per 
pupil changed from jQi 8s. 4d. to ^£2 17s. 7|d., and in 1902 has 
reached jQ2t' ^^ Scotland we have of course corresponding 
growth. I take last years figures and those of 6 years ago. 
Board school cost per pupil (in average attendance) has risen from 
jQ2 9s, 2d. to jQ2 17s. 4d., an increase of over 16 per cent, 
and the voluntary school cost from £2 3s. 4d. to £2 9s. 6d. 
During these 6 years the ratepayers' direct contribution to the cost 
of educating one pupil increased from 12s. 9jd. to 19s. 3fd., a 
rise of over 50 per cent. And yet the taxpayer seems comparatively 
satisfied with the transaction. Now and again he may think of 
growling at dear sites and magnificent buildings ; he may wonder 
if the higher and costlier work in schools is distributed economically; 
he may suggest, and perhaps with some reason, that jQi<, is too 
much to pay per year per pupil in a small secondary department, 
but on the whole he is wonderfully forbearing and optimistic. In 
a more or less vague way he feels that he is doing the right thing 
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for the coming generation ; and every now and again, as we saw 
earlier, he is strongly encouraged to keep in that frame of mind, 
and find a source of gratification in knowing that during those 6 
years the total annual expenditure of the School Boards of 
Scotland has risen from ;^2,o64,729 7s. 3d. to ;^2,542,374 
19s. 7d., an increase of nearly 25 per cent. 

We may now rapidly outline the scheme of educational work in 
Scotland, and touch upon the more important relations between 
its parts. Out of a total population of 4J millions, 760,000, over 
14 per cent, are on the registers of annual grant schools. Their 
education is free (last year relief of fees was extended to over 
740,000) and further it is compulsory between the ages of 5 and 
14. The main and the auxiliary subjects of the primary school 
course need not be enumerated or discussed here. The various 
stages formerly described as standards, which represented succes- 
sive steps in attainments in accordance with a Code, have 
disappeared. Greater freedom in organisation, classification, and 
work prevails. The Department lays down broad lines, and the 
Inspectors give encouragement and advice. A merit certificate at 
the end of the primary course testifies to careful training and 
remarkably good attainments, and also functions as a passport 
into the secondary work section. No pupil now leaves school 
until 14, and the school authorities are anxious to make as much 
use as possible of the extended time. 

Secondary Education, i.e., education beyond the Merit Cer- 
tificate stage, and under the University and Technical College 
standard is provided in Scotland in Higher Grade Schools or De- 
partments, Higher Class Schools, and Schools of Science. Last 
year 3,270 pupils were paid for in respect of work in Higher 
Grade Schools, as follows — 1,074 in the commercial course, 
1749 in the science course, and 447 in other courses. The 
cost of one year's course per pupil varies greatly. For educa- 
tion expenses alone, the annual outlay of the School Board in 
Higher Grade Schools may exceed jQi^ per head, and rarely 
falls below £?>, In the Higher Class Schools and Schools of 
Science, we find nearly 18,000 pupils, of whom 8,500 are over 14 
years of age, 5,400 over 15, 2,900 over 16, 1,300 over 17, and 
550 over 18. * 

The direct public yearly contributions towards the upkeep of 
these schools is at present as follows : — 
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From Secondary Education Grants under 

Minutes of 27th April, 1899, and 24th 

August, 1900, .... 
From Burgh Committee Grants, 
From the Common Good, 
From Rates, 



' 


about ;^5 


^■36,000 


yearly per 


25,000 


• pupil from 


3.500 


public 


24,500, 


sources. 


;f 89,000 




;^86,000 





The income from fees is .... 

The total annual expenditure of these schools is ;£2 20,000, 
about ;^i2 per pupil. 

The Universities of St. Andrews, Glasgow, Aberdeen, and 
Edinburgh, with their 6,000 students drafted from the various 
secondary departments and secondary schools all over the country, 
constitute the crown of Scotch Education. The annual expendi- 
ture may be taken at nearly ;^i 80,000, with a cost of close on 
^30 per student. Of this one-third is paid by the Parliamen- 
tary Grant, and the munificence of Carnegie has brought still 
further relief. There are other organisations not less important 
than the Secondary Schools, and not less important than the 
Universities, which of late years have occupied a large field beyond 
the Schools and the Universities. These organisations will be 
considered in dealing with the place of Commercial and Industrial 
Education in a generarscheme. 

What precisely do we mean by commercial and industrial 
education ? If the aim is to develop in schools and colleges, 
the qualities which make for success in life, alertness, initiative, 
grit, control, prudence, and probity, and in the process use all 
forms of work that may stir the will, the memory, thought, and 
imagination, and at the same time build up a body of ideas avail- 
able for practical life, then it may safely be argued that not one 
farthing of the many millions of public money for education has 
been spent save with that object, and therefore^ more or less 
directly in the interest of commerce and industry. If even we are 
thinking more immediately of those specific attainments which 
a well educated youth can turn to best account in the service of 
commerce and industry, then also we may claim that the whole 
expenditure on primary, and no inconsiderable portion of that 
applied to secondary education, is accounted* for in those attain- 
ments and in the power to use them. To get to bed rock on 
this question I would draw your attention to a very business-like 
enquiry carried out lately in America. The notice of this enquiry 
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which appeared last month in the Manchester Guardian opens well. 
" Amid much that is less wholesome, directness of aim is 
characteristic of American education. Those who are responsible 
for the schools mean them, if possible, to prepare boys for the 
struggle of life, and life in great American cities is overpoweringly 
commercial alike in its activities and in its standards of success." 
Moralising aside — what was done ? A group of interested men, 
merchants and schoolmasters, drew up a paper of 21 questions 
and sent it to the best business firms in New York City, Albany, 
Buffalo, Rochester and Philadelphia. Replies came back from 409 
business-houses of all sorts. The first question referred to 
spelling, and 72 per cent, said the boys could spell as well as 
ever ; 65 per cent, were quite satisfied with the writing ; but 32 
per cent, grumbled at lack of speed. 65 per cent, had no fault 
to find with arithmetic, but 80 per cent, thought that exercise in 
actual business transactions of a simple kind would improve the 
value (no word of the wages) of their office boys, — and so on. A 
bare majority favoured a somewhat specialised commercial course of 
three years beginning at 14. Yet many agreed that the conditions 
of commerce are changing, and that failure is bound to attend a 
poor educational equipment. As regards modern languages 
opinion was divided. German, of course, took first place, but 
there was a strong appeal for Spanish, Chinese, and Russian. 
There is one gleam of hope. 91 per cent, replied that **they 
paid careful attention to the school record," and the majority 
testified to the punctuality, manners, industry, truthfulness and 
trustworthiness of the boys coming from the public schools. Mr 
Carnegie in *' Triumphant Democracy " warned us so far back as 
1888 that " the Republic was thundering past with the rush of 
an express." There is no doubt a sense in which this is true, 
but, so far as primary school education is concerned, and 
particularly, in reference to equipping for commerce, Glasgow 
has nothing to learn from the States. This opinion I give as 
the result of a careful comparison of U.S. education exhibits 
with those collected from our schools for the Glasgow Interna- 
tional Exhibition. Nor does the New York business educa- 
tion enquiry of 1903 shake my faith. 

For those who are to hold posts of some consequence, e.g.^ 

chief clerks, heads of departments, travellers, and so forth, 

provision is being made in secondary schools, continuation classes, 

. and specialised instructions. In this respect we are follow- 
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ing the example of the Continent and the States. I remember 
Dr W. G. Blackie in this room arguing, some 1 5 years ago, for 
opportunities in this direction. He brought before us a wealth 
of information from Germany, Holland, Belgium, Austria, 
Switzerland, and France. He examined the programmes of many 
schools. He dealt with commercial arithmetic, office work,, 
modern languages, commercial geography, raw materials, products, 
commercial law and political economy, and he lamented the 
absence of organised instruction in these and cognate subjects in 
Glasgow. The address was most convincing, partly on account 
of Dr Blackie's business standing and intimate knowledge of the 
Continent, but mainly from his rigorous and connected treatment 
of the whole problem of commercial progress. What troubled us 
then, is still with us, although, in less degree. I refer to the 
tendency of Scotch boys to get into harness as soon as possible. 
The commercial courses Dr Blackie commended rarely termin- 
ated before the age of 18, and frequently exceeded that by two or 
three years. And so the director of secondary education. Sir 
Henry Craik, year after year demurs when comparisons are made 
between the results of secondary schools in Germany and in 
Scotland, as "the Scottish lad leaves school two or three years- 
earlier than his German contemporary." Since 1888 considerable 
advance has been made on the lines approved by Dr Blackie. 
One third of Higher Grade pupils are working through well 
balanced and serviceable three year commercial courses, in 
which continuous regard is paid to the direct bearing of their 
studies on ordinary commercial methods — more than one half 
are under training for industries, and so their work includes 
mathematics, science, drawing, and manual exercises, the avail- 
ability of the attainments derivable from a subject determining, 
the extent and character of the treatment. Many higher class 
schools have met the demand for a commercial side without 
sacrifice of ideals, and some have been able to arrange for 
boys a curriculum of science and industrial work, which, 
although perhaps not so obviously for practical life as the 
commercial side seems to be, is yet of value in building 
up fundamental notions regarding matter, force, and energy, 
in habituating boys to note and compare physical qualities 
and io deal quantitatively with things, and in enabling 
causes and effects. Appropriate workshop exercises give 
them to reach, through their own thinking, relations betweenj 
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a knowledge of and control over material that may later be 
realised in production. 

In this spirit, and to excellent purpose, the Science schools of 
Scotland, some seven in number, have been working for many 
years. 

We may say then that commercial and industrial training 
makes a definite appearance at or about the termination of the 
primary school curriculum, and that it is carried on according to 
programme in publicly supported day schools. 

From the statistics of evening continuation schools alone we 
might assert that our education is in a hopeful way. Many must 
remember the prediction, "Compulsory education will kill 
evening schools." Look at last year's figures — 79,000 over 14 
years of age on the registers (exclusive of those at technical or 
other colleges). The work may not have been advanced, but it 
was voluntary, and promising. Here are some of the enrol- 
ments : — 41,000 in composition ; 48,000 in arithmetic ; 14,000 
in drawing; 10,000 in book-keeping; 11,000 in shorthand; 
3,000 in modern languages ; 7,000 in mensuration ; 1,000 in type- 
writing ; 3,000 in citizenship, and 4,000 in domestic economy. 
The total cost to the community was ;^88,ooo. 

In addition to these schools and classes we have in Scotland 
other agencies dealing with more advanced studies, and supplying,. 
for more matured students, highly specialised instruction in lan- 
guages, business subjects, scientific, technical, and industrial work. 

I have made a rough estimate excluding fees and endowments 
of the total public expenditure on the several agencies between 
the primary schools and the Universities, that are contributing in 
this w^ay to our progress as a commercial and manufacturing 
nation, and the result comes out considerably over ;^2oo,ooo 
per year. 

Regarding the Universities it may be said that although as yet 
there are no commercial faculties with co-ordinated studies in 
history, economics, mercantile law, business processes, and other 
requisite subjects, it would be hard to place a limit on their 
services to commerce and to applied science. 

To what extent and how soon it may seem expedient for the 
Universities of Scotland to follow the lead of fledgeling 
universities, on the matter of faculties of commerce and industries 
I am not prepared to speak. Sooner or later there are bound to- 
be movements in that direction. 
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It was my intention, as the billet shows, to consider in detail the 
various opportunities existing in Glasgow for this phase of 
■education. But such enquiry would involve particularising on 
what has been already looked at as a whole,- and so I content 
myself with a few more important statistics of expenditure and 
and work in the School Board area. 

The outlay on primary education need not be referred to, how- 
ever highly we estimate the efficiency of elementary schools. 

On Higher Grade Schools and Higher Class Schools the 
annual cost (apart from fees) to the public is ;^i 5,000, and for 
continuation classes ;^9,ooo. Now look at the return. In 
addition to the pupils receiving sound and advanced secondary 
education in the High Schools, there are about 800 beyond the 
primary stage occupied with those excellent courses of which I 
have spoken ; and in the advanced science, art, and commercial 
evening classes are over 18,000 youths who are finding their 
primary school work a sound basis for these special studies. 

IjS^S do writing and book-keeping ; 1,588 do shorthand ; 
550 do modern languages (French, German, and Spanish), and in 
such classes as those of geometry, mechanics, building con- 
struction, machine drawing, chemistry, and electricity, there is a 
large enrolment of hard-working, capable students. 

The directors of the Athenaeum have this year, in consultation 
with the Scotch Education Department, organised a Commercial 
College with a well defined curriculum. The enrolment has 
been remarkable. Mr. Lauder puts it at 2,300. The Town 
Council contribute ;^35o out of the Residue Grant, and the 
Department will pay 50 per cent, of the difference between 
expenditure and fees. A glance at the prospectus makes it plain 
that the Athenaeum is moving rapidly towards the condition Dr 
Blackie advocated fifteen years ago. 

The culmination of Industrial Education in Glasgow is the 
Technical College with 1,669 enrolments in day classes, 6,906 in 
livening classes, and some 500 science pupils at Allan Glen's 
School. The total outlay last year was ^26,000. So strongly 
are the citizens of Glasgow convinced of the services commerce 
and industry receive from this great institution, that within a brief 
space of time ;^ 180,000 has been contributed to the erection and 
<iquipment of a building in keeping with the importance of its 
work. 

I must not take up more time. So I leave to you the discussion 
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of the promised changes in the control of public expenditure on 
education. Despite the grand record of their work School Boards 
are to go. We are, I assume, quite prepared to lose the cumu- 
lative vote, and to have the authority for education more closely 
associated, than at present, with the municipality. Although we 
are agreed upon the desirability of entrusting to the care of a 
popularly elected body, the charge of a matter of such vital 
consequence, whether we think of conduct and character or of 
wealth producing, we may not be quite clear that an " ad hoc " 
election would be the safest and wisest solution. As to whether 
the members of the Corporation of Glasgow are already so over 
weighted with the burden and responsibility of increasing 
municipal enterprise, as to make it undesirable if not impossible 
for them to face a task needing much work and much knowledge, 
I cannot say England is making trials, and the various experiments 
in local-education-authority forming will be watched with interest. 

To me the education of the citizens seems the most important 
interest that the popularly elected rulers of the city can have, 
and, I may be permitted to say, the placing of that grave 
responsibility mainly or wholly in their hands, would add honour 
to their office, and be an indirect influence for public good. 

The new authority, whatever it may be, will start, as I have 
endeavoured to show, with the educational aims, methods and 
agencies of Glasgow in a healthy condition. Primary education, 
natural and formative— secondary education, liberal and sound — 
commercial and industrial education in the lower levels broad 
and serviceable, and in the higher, extensive, scientific and far- 
reaching in applicability. It will also find at its disposal ample 
funds for its operation, and a community willing to support 
judiciously ordered expenditure. 

Problems will arise regarding the distribution of educational 
work, the improvement of existing institutions, and the devising of 
new central schools, for the education of youths between 14 and 
18, in a still more direct way than at present, for commerce on 
the one hand and industries on the other. Among the problems 
there is one which must not lie much longer unattacked : " What 
educational influences can be brought to bear upon the host of 
youths, who at 14 are cut adrift from control. In Scotland the 
lowest estimate gives 130,000 lads between 14 and 18 who are 
outside all definite educational influences. 

In conclusion, I would commend to the attention of the new 
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authority a sentence from the speech delivered to the students of 
Glasgow by Disraeli thirty years ago : — " A civilised community 
must rest on a large realised capital of thought and sentiment ; 
there must be a reserved fund of public morality to draw upon in 
the exigencies of national life ; society has a soul as well as a 
body ; the traditions of a nation are part of its existence. Its 
valour and its discipline, its religious faith, its venerable laws, 
Its science and erudition, its poetry, its art, its eloquence, and 
its scholarship, are as much portions of its existence as its 
.agriculture, its commerce, or its engineering skill." 
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V. — The Giasgoiv Corporation Accounts^ ivith special reference 
to Depreciation and Sinking Funds, By Councillor 
Alexander Murray, C.A. (Ex-Treasurer of the City 
of Glasgow). 



[Read at a Meeting of the Economic Science Section, 4ih March, 1903.J 



Municipal Corporations have in recent months been 
subjected to an unusual amount of criticism ; their policy and 
management have been attacked ; exception has been taken to 
their methods of accounting ; and doubt has been cast upon the 
soundness of their financial position, and the accuracy of their 
balance sheets. How far there is ground for these sweeping 
charges in general, is not my business to enquire. I am only 
concerned ^^•ilh them in so far as they apply in whole or in part to 
the Corporation of Glasgow. 

Much of this hostile criticism has no doubt been inspired by 
dislike of what is known as Municipal Trading, and the views 
expressed on both sides of the controversy have probably been to 
some extent biassed by the attitude of the disputants towards that 
form of municipal activity. It is not my intention to deal with 
this larger question at all. It is a subject by itself, the study of 
which is important and necessary, but outside the scope of this 
paper. Meanwhile, the discussion of it, in so far as it has directed 
attention to the subject of municipal finance, has done good ser\*ice. 
This is a matter in which the public have a deep interest, and on 
w^hich it is of the utmost importance that business men, especially, 
should have clear ideas. 

One need not wonder that there should be differences of 
opinion on a subject of this kind, which is somewhat technical, 
and requires careful study and familiarity with figures. The 
accounts are voluminous, and in some cases complex and not 
easily followed. Even experts, who give them but a cursory 
perusal, may be excused if they fail to see at once the effect of the 
various book-keeping entries, and come to hasty and erroneous 
conclusions. It may, therefore, not be unprofitable if we examine 
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some of the points raised in the course of these discussions, and 
endeavour to ascertain how far the criticisms are well founded and 
just. 

It would be manifestly impossible within the limits of a single 
paper to cover the whole ground, or to treat exhaustively even 
any single branch of the subject, I have selected, therefore, for a 
few observations, two, and I think these the most central and 
vital of the questions involved in any practical discussion of 
Municipal Finance, viz. : — (i) Depreciation, and (2) Sinking 
Funds. The two are quite distinct and different in character, the 
former being a provision for the maintenance or replacement of 
assets, the latter having to do exclusively with the repayment of 
borrowed money. They are, however, so intimately connected, 
and have so important a bearing the one upon the other, that they 
cannot very well, at least for my purpose, be treated separately, 
and I shall therefore consider them together. I venture to think 
that, with a proper understanding of these correlative branches of 
finance, much of the confusion which prevails would disappear. 

A common notion regarding depreciation is that it has to be 
provided out of profits. This is a mistake. In any commercial 
undertaking depreciation is a charge not against Profits, but 
against Receipts, There is no profit until depreciation has been 
written off. The tear and wear of plant is as much a part of the 
year's charges as wages or fuel. It is capital consumed in pro- 
ducing certain results and must be replaced before a profit can be 
shewn. In a limited company, what is left over after providing 
for this and other charges, is profit. Theoretically and strictly it 
is the same in a municipal undertaking, but practically it is not 
so, for a municipal profit or nett revenue is not shewn until the 
year's instalment of debt or sinking fund is set aside, as well as 
depreciation. 

On what principle, it may be asked, and at what rate, should 
depreciation be calculated? So far as this question admits of a cate- 
gorical answer, I reply — on the principle of keeping up the capital 
to its original amount, and just at the rate at which the capital 
is being lost or consumed. The ideal accounting would be " to 
compute the average working life of each article of the plant, and 
by dividing its original cost by the number of years it was likely 
to last, to arrive at a sum which could be written off the capital 
account year by year, by means of a Depreciation Fund, charged 
against receipts, as a regular item of Working Expenditure."^ 
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This, however, is not always possible in practice, and I am not 
sure that it is desirable, although, as we shall afterwards see, a 
very near approach has been made to it in the (ilasgow Corpor- 
ation Tramways Department. In most cases all that can be done, 
or is necessary, is to equate the various " lives " and strike an 
average. 

The point of most of the local criticisms upon the finances of 
the Glasgow Corporation has been to the effect that the provision 
made for depreciation and sinking funds for repayment of debt has 
been inadequate, and I shall proceed to consider that by-and-bye. 
But it may surprise some of you to know that discussions have 
been going on elsewhere pointing to the very opposite conclusion, 
the contention being that some Municipal Corporations, and that 
of Glasgow in particular, are allowing too much for depreciation, 
and paying off debt too rapidly. 

Before we can pronounce with any degree of confidence as 
between these opposite views, we must endeavour to ascertain 
(i) What are the general principles which, in municipal finance, 
should determine the rate of repayment of money borrowed, and 
the depreciation to be written off capital? and (2) What are the 
facts in Glasgow, and how far are they in harmony with these 
principles } If we can find an answer to the first of these ques- 
tions, I think there will be little difficulty in disposing of the 
second. The first, however, will require some consideration. 

It is clear that without some rule or principle to guide us, 
we are only speaking at random when we say that any particular 
rate of Sinking Fund or of Depreciation is too high or too low. 
What we should like would be some fairly well defined line to mark 
the limit of safety and equity — a datum, to which we could refer 
our measurements and calculations of financial soundness or 
unsoundness. I do not suppose it is possible to fix an absolute 
line, but in any discussion of the question we must have some 
standard in our minds, otherwise the terms " high " or " low " 
can have no exact meaning. 

How then are we to obtain our standard ? I think we may 
approximate it, if we can agree as to what is the condition of 
things we propose to establish by any given rate of liquidation 
of debt, and any given scale of depreciation. In other words, 
what is our ultimate goal — our ideal ? Is it the intention, say, 
with regard to a specific loan repayable in 50 years, to secure that 
at the end of that period the undertaking or subject on which 
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the money was spent shall not only be free of debt, but also fully 
efficient ? On the answer to this question will depend our view 
of what is an adequate provision. If the answer is, that at the 
end of 50 years the subject should not only be free of debt, but 
also in good condition and fit for its purpose, we shall fix our 
datum at a certain level. If, on the other hand, it is assumed 
that the subject will be worn out or done at the end of 50 years, 
and that all that is required is that it shall then be disburdened 
of debt, the level of our datum line will be considerably 
lower. 

Unfortunately, there is no general agreement on this point, 
and Local Authorities differ in opinion and in practice regarding it, 
some acting on the lower standard, others on the higher. I have 
looked through the evidence given by the officials of the Local 
Government Board before the Select Committee on Repayment 
of Loans by Local Authorities, in order to see if they had any 
guidance to give us in the determination of this question, but 
what they say is not at all conclusive. The only point which 
they emphasize is, that the loan should be paid off within the 
** *life* of the subject," "life" being explained to mean the period 
of utility. For example, certain questions put to Mr Kershaw, 
one of the assistant secretaries of the Local Government Board, 
were answered as follows : — 

" Now, with regard to the length of the period for the repay- 
ment of the loan, I take it you have no regard to the meritorious 
character of the work ? No." 

"You have simply regard to its prospective permanence of 
benefit, if I may use that expression ? Yes." 

" You endeavour, as far as possible, to make it certain that the 
amount borrowed will be entirely paid off before the work is 
obsolete, or before it is in danger of being superseded ? Yes." 

"And that is the guiding principle upon which you settle 
the period of the loan ? Yes, that is the first guiding principle." 

" That is the first guiding principle and the chief one ? And 
the chief one." 

" Roughly speaking," he says elsewhere, " the loan should be 
paid off in 30 or 40 years, />., a generation." 

When, therefore, a term of years is fixed as the "life" or 
period of utility it seems to be implied that permanent mainten- 
ance is not a condition. The assumption appears to be that the 
works, although kept in repair during the period of 30 or 
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40 years, may then be worn out or obsolete, and that it would 
be unfair to leave any portion of the debt to be paid by those 
who will reap no benefit from it. This is just and proper, but 
does it go far enough? What about providing a fund out of 
revenue to reinstate the work after it is worn out, or to supply 
capital for a new work if the old should become obsolete ? That 
does not appear to have occurred to these officials as being 
necessary. All they look to is the repayment of debt within 
the prescribed period. 

It may be objected that this inference is inconsistent with the 
practice of the department in connection with loans for under- 
takings of a permanent character, where there can be no question 
of the work giving out or becoming obsolete in anything like the 
periods fixed for the loans — such purposes for example, as a 
Town Hall, a Water Scheme, or a Public Park; to which the 
only reply is, that a generation is considered long enough for 
most municipal loans, irrespective of the character of the under- 
taking, but that the period has been extended in the case of 
undertakings of the class indicated to two generations or so. 
And, if it is asked why debt incurred to provide works which 
will serve many generations should be paid off in two, the answer 
of the Local Government Board is, that future generations will 
in all probability have heavy enough burdens of their own to 
bear ; that, judging by the ever growing wants of communities, 
and the many civic problems yet unsolved, the ratepayers of 100 
years hence will have quite enough to do without being saddled 
with any portion of the debt incurred by those of to-day. The 
position is also taken up, and I think on good ground, that those 
who incur debt should be made to feel their responsibility by 
being compelled to bear the heavy end of it, and in that way a 
check be provided upon undue capital expenditure and accumula- 
tion of debt. 

So much for the official position. The Local Government 
Board experts and those who advise Parliamentary Committees 
have in view, mainly, if not exclusively, the repayment of the loan 
within the "life" of the subject, and in any case within two 
generations. They do not concern themselves with the question 
of maintenance, or a depreciation or renewal fund, and they 
allow it to be inferred that, when the subject is exhausted or 
obsolete, it may be proper to raise a new loan to replace it. 
This leaves it entirely in the discretion of local authorities 
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. whether they will do more than they are required to do by their 
Acts of Parliament, and provide a renewal or depreciation fund 
where necessary, as well as pay off the debt within the prescribed 
period. That is what we do in Glasgow, generally speaking, but 
I find that in England the view is held, t^jat Sinking Fund and 
Depreciation Fund are one and the same, and that, if you are 
repaying debt at a rate which will extinguish the capital charge 
within the " life " of the subject, you are doing all that is 
necessary and just, and all that Parliament requires or expects 
you to do. The Corporation of Bolton, for example, instead of 
providing both a Sinking Fund and a Depreciation Fund for their 
Tramways, as we do in Glasgow, first carry a sum to Depreciation 
Fund, and out of it pay annually the instalment of debt, relying 
on Parliament giving them fresh borrowing powers to relay the 
track, if necessary, when the present debt is paid off. I have 
seen an interesting correspondence which has passed between Mr 
Dalrymple, of our Tramways Department, and the Bolton 
Borough Treasurer, on this subject, in which the latter stoutly 
maintains that he is right, and adds — " Remember that neither 
Glasgow nor Bolton have any legal authority to provide a De- 
preciation Fund, but if we do provide one big enough, the Local 
Government Board can have no objection to our paying the loan 
repayment or sinking fund out of it. How can they ? So long 
as it is provided out of revenue they are satisfied, and are bound 
to be satisfied. Bolton, at the end of the depreciation period, 
will be in a position to approach the Local Government Board 
and say, our Tram lines are worn out and want replacing, we 
have so much money balance in our Depreciation Fund — if you 
like, out of this >ve can repay the balance of debt existing, and 
ask you to give us a fresh sanction for the necessary borrowing 
powers." 

Then, in a paper read before the Society of Engineers in 
London, on ist December last, the same line of argument is 
taken. The writer, Mr C. H. W. Biggs, says that "it is held by 
a very influential and numerous class that, in addition to main- 
tenance and repayment, depreciation is absolutely necessary to 
put these undertakings upon a sound financial basis." He is 
referring to productive undertakings, such as tramways. " The 
rate of depreciation suggested is that which, when the initial 
capital expenditure becomes extinct, should equal in amount the 
original expenditure. The contention is that, when the capital 
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is paid off, there should be in hand from the Depreciation 
Account a sum sufficient to renew the whole undertaking. The 
author considers this contention to be economically unsound. 
Those who insist that municipalities must depreciate, as well as 
pay back capital, ought to have very strong reasons to warrant 
such an extreme position." Of course they must, and as we shall 
endeavour to shew, the reasons are not far to seek. But I think 
the writer does not state the position properly. It is not contended 
that, where there is absolute maintenance, there should also be 
depreciation. In the case of a park, or a water-works, or even a 
sewage scheme, which can be maintained in perfect order, 
practically in perpetuity, it is not necessary to have depreciation, 
but in tramways, electricity works, and other undertakings, where 
deterioration is rapid, in which maintenance can only be partial, 
and where the contingency of obsolescence is a factor to be taken 
into consideration, it is held, and I think rightly, that in addition 
to that temporary maintenance, there should also be a deprecia- 
tion fund. 

Again, at a meeting last July, of the Municipal Electrical 
Association, a resolution was adopted to the effect that " as elect- 
ricity supply undertakings have to be maintained out of revenue, 
no depreciation is necessary when the period allowed for repay-- 
ment of loans is not greater than thirty years, as the equated life 
of the works exceeds this period." That resolution was afterwards 
approved by the Borough Treasurers' Association. This also, 
as you will notice, assumes reborrowing to reinstate the 
works. 

I have referred to these views at some length, in order to shew 
that the criticisms on Corporation finance are by no means all on 
one side ; and that while we have been recently told that we are 
doing too little for the future, and unduly piling up debt which 
our successors will have to pay, there is a strong body of opinion 
to the contrary effect, even competent experts being of opinion 
that we are doing too much for posterity, and laying burdens upon 
the present generation which ought in equity to be shared to a 
larger extent by those who are to follow. 

We have seen that it is very generally held among English 
authorities that, if the present generation provides a fund to pay 
off debt within the periods prescribed by Parliament, and main- 
tains the undertaking in fair working order, it has done all that is 
necessary or reasonable, and that it is not bound to concern itself 
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with the question of renewal or reinstatement, that, in short, the 
next generation must find the capital money for that p>urpose as 
best it can. 

But the English municipalities go further than this. They not 
only claim the right to borrow afresh to reinstate worn out or 
obsolete plant, but they ask longer periods than those now gener- 
ally given for paying off debt. On this point there is some 
antagonism between them and the Local Government Board and 
Parliament. The doctrine that loans over land, or undertakings 
in which land is an important factor, should be paid off within 
30 or 40 years, or at most in two generations, is regarded by the 
municipalities as unfair and oppressive, and representations to 
that effect were made to the Select Committee on Repayment of 
Loans. The Mayor of Manchester, for example, suggested that 
150 to 200 years might be given to pay off a loan for water-works, 
and it was maintained by others that the bulk of a water-works 
debt should be permanent, because a water-works will be more 
valuable at the end of 60 or 80 years than it is now. 

Some of the Scotch witnesses also, particularly Sir Samuel 
Chisholm, Bart., who gave very valuable evidence, advocated the 
granting of longer periods of repayment, but with a very proper 
and important qualification. They emphasized the necessity of 
maintenance, and, where full maintenance is impracticable, then a 
Depreciation Fund. With that proviso it was claimed that a 
considerable extension of time could safely be given, not only in 
cases such as parks, water-works, sewage-works, housing, and 
other undertakings in which land is a substantial asset, but in 
tramways, electricity supply works, and such like, which are not 
only maintained in fair working order, but for the replacement of 
which a sufTficient depreciation or renewal fund is regularly set 
aside. These representations seem to have impressed the Com- 
mittee, for, in their report, while recommending considerable 
extensions of the sinking fund periods for various municipal 
purposes, in some cases going as far as 80 years, they also 
recommend "that power should be given to the sanctioning 
authority to make it a condition of their sanction that provision 
should be made for the probable annual average cost of repairs 
during the currency of the loan. The amount of such necessary 
provision should be fixed," they add, " by the authority, and 
should depend upon the character of the purpose for which the 
loan is required, and the method by which it is to be repaid." 
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This does not seem to me to be quite satisfactory, or nearly so 
good a safeguard as the Scotch witnesses urged, or as the practice 
in our Corporation is, but it is a step in the right direction, and 
an advance upon the existing conditions in England, where 
according to a return obtained in 1899, the average annual con- 
tribution to repairs or depreciation funds in respect of the debts 
on productive undertakings, over an average of five years, only 
amounted to y^th of i per cent. 

Before leaving this part of my subject I may say that I have 
tried to ascertain whether any guidance could be had from the 
practice of Parliament when granting borrowing powers, but with- 
out success. I rather think it will be found that Parliamentary 
Committees had no very clear principle or policy to guide them, 
and that in recent years, instead of trying to lay dowp a rule or 
principle, they have followed precedent, with a relaxation here 
and there according to the pressure put on them by local author- 
ities. The earlier loans were practically all for unproductive works, 
chiefly for police and sanitary purposes, and speaking generally, the 
duration of the loan was determined by two considerations, (i) the 
estimated duration of the works, and (2) repayment must be made 
in any case within 60 years. Nothing is said in the earlier Acts 
of Parliament about maintenance or depreciation, and from that 
circumstance opposite conclusions are drawn. Some argue that, 
as Parliament did not make any stipulation to the contrary, the 
local authority is at liberty to come for a new loan to replace the 
works when worn out or done. Others maintain that the inten- 
tion of Parliament was that there should be only one loan for the 
one object, be it the paving or lighting of a street, or the building 
of a sewer, a police office, a town hall, or a hospital, and that a 
fund for the renewal of it must be provided out of revenue. They 
hold that the loan is capital which is to be expended to secure 
certain permanent benefits, and that for these benefits rates or dues 
should be charged sufficient not only to pay off the debt, but to 
maintain the capital intact. In support of this latter contention it is 
pointed out that, when loans came to be required for the 
acquisition of lands for public parks, for the construction of water- 
works and other undertakings of a permanent character, practically 
the same conditions were laid down for repayment. That is to 
say, the loan for a park or a water-works is not to bear any relation 
to the duration of the subject, for a water-works may hold good 
for 1,000 years, and a park will last for ever, but is made 
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repayable in periods ranging from 40 to 60 years. Clearly then, it 
is argued the view of Parliament as regards these subjects is that 
they are to be handed on to posterity as of full value and free of 
debt. And if in the case of such undertakings, why not of all ? 
In further support of this view it is pointed out that in recent acts 
for tramways and other municipal works, Parliament has stipulated 
not only for the repayment of the loan within a prescribed period, 
but also for the provision of a depreciation fund, and as we have 
seen, the Select Committee have made a recommendation to the 
same effect. 

But, whatever may be said as to the intentions of Parliament, 
I have no doubt in my own mind that this is the sound view, 
although, it may be found expedient to allow modifications in 
practice. Parliament is not infallible, nor always wise. It is 
inconsistent Hke other bodies. In matters of finance it is guided 
by the Departmental Officials who are apt to proceed on hard 
and fast lines rather than on broad principles. 

It practically amounts to this, that no definite rule can be laid 
down, and that in the application of general principles Local 
Authorities and Parliament ought to be guided by the character 
of the purpose in view, and all the circumstances of the case. 
One thing, is certain, that rules made 50 years ago for borrowing 
for Police and Sanitary purposes, are not suitable for modern 
requirements, and call for revision. The great development of 
municipal enterprise and the consequent enormous increase in 
niunicipal debt, especially debt incurred in the establishment of 
commercial and industrial undertakings, have raised financial 
questions, which require the earnest and thoughtful consideration 
of Parliament and local bodies. One of these is the question of 
how far Interest and Sinking Fund should be charged upon 
capital expenditure before it has begun to earn revenue. In the 
construction of water-works, tramways, electricity and telephone 
works, there is necessarily a period during which the capital 
sunk is wholly or partially unproductive, and it seriously handi- 
caps the undertaking, if, in addition to interest, a heavy Sinking 
Fund has to be provided out of revenue during that period. The 
consequences of laying such a burden on a commercial under- 
taking in its earlier years may be very serious and far reaching. 
It may not only hinder the development of the particular industry 
concerned, but re-act upon all our industries by increasing the 
cost of production, and so rendering our manufacturers less able 
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to compete with those of other countries. Clearly, it is the 
interest of all producers to obtain a cheap supply of water, gas, 
electricity and even telephonic facilities, but if you unduly burden 
the undertakings which supply these commodities in their infancy, 
you are to that extent injuring trade, and in your anxiety to 
lesson the burden on posterity, you are doing posterity a very 
doubtful service. 

Tliis is well illustrated in the history of the Glasgow Corpora- 
tion Water-works. By the Act of 1855 exemption from Sinking 
Fund was granted for 15 years, and again in 1885 the operation 
•of the Sinking Fund for the money borrowed for the new 
works was postponed for 5 years. The wisdom of this course 
is amply proved by experience, for, while our predecessors had to 
pay as high as is. 4d. per j[, for water, we are to-day obtaining 
an unrestricted supply at 5d. per j[, of rental. Had the full 
Sinking Fund been payable from the beginning, those who 
promoted the works would have had to pay a higher rate than 
IS. 4d., while, for much of the time they were deriving no benefit 
whatever from the works, in order to relieve us who are getting 
supplied at one third of that cost. The injustice of such a policy 
is apparent, whenever the case is stated. 

This principle of deferring the Sinking I'^und for a period of 
years was further recognised in our Municipal Buildings Act, and 
I understand it is very liberally recognised in connection with the 
Edinburgh and other water schemes. 

The same argument applies to an Electricity Supply Works, 
and is well put by Mr Johnstone, our late Town Clerk Depute 
in a Memo, prepared by him on the subject. He says : — " Take 
Electricity Works : a large capital requires to be expended, and it 
may be years before this capital is fully remunerative ; people take 
the new light and power very slowly, chiefly because of its 
greater price. In the case of Corporations that price has to be 
made artificially high in order to comply with the rule that 
capital must be begun to be paid off, immediately it has been 
expended, and before it has been profitably utilised. The effect 
of the larger price is to reduce the revenue and keep back the 
development of the new works. If there were no Sinking Fund 
for the first five years of expenditure on electricity works, the 
undertaking would be in a much stronger position, and the debt 
would be cleared off in the end without difficulty. In dealing 
with electricity works, gas works, etc., the official mind seems 
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continually to forget that a Sinking Fund is not a Depreciation 
Fund. Gas retorts may last only a year, they must be renewed 
out of revenue. Dynamos may last five years, it makes no 
difference to the sinking fund, they must be replaced out of 
revenue." 

I think we have now come as far as we are likely to get in 
our endeavour to ascertain the general principles which should 
regulate the rate of repayment of debt and the provision for 
maintenance and depreciation. They may be summarised as 
follows : — 

1. All money borrowed for municipal purposes should be paid 
off wathin such periods as experience has sho\vn, or, where 
experience is not available, as prudence suggests, to be fair and 
equitable as between the present and the future, due regard being 
had to the character of the undertaking and all the circumstances. 
In any case, where the subject is of a temporary nature the loan 
should be paid off within its "life " or period of utility. 

2. In undertakings of a permanent character, and especially those 
in which land is an important factor, the sinking fund period 
should be extended. For a public park loo years is not too much. 

3. In all cases, where practicable, the undertaking should be 
maintained out of revenue, and where full maintenance is im- 
possible or inexpedient, a depreciation fund should be provided 
to secure reinstatement. If this is done the consideration of the 
" life " of the subject in relation to the sinking fund is eliminated. 

4. In estimating depreciation, regard must be had not only 
to tear and wear, but also, and in a special degree, to the con- 
tingency of the work or plant becoming obsolete. 

5. In undertakings in which it is necessary to sink capital 
which will for a time be wholly or partially unproductive, the 
sinking fund may advantageously be postponed or graduated for 
a period of years. 

In laying down these general principles it is assumed 
(i) that the undertaking is necessary for the well-being of 
the city, (2) that it is one which the municipality should charge 
itself with, and (3) that it will be prudently carried out and 
administered. 

Probably a' distinction should be made between remunerative 
works and those which are a burden on the rates. In a municipal 
commercial undertaking, by which the public are served as well 
and as cheaply as they could be by any private company, and 
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especially where they are better and more cheaply served, it is 
no great hardship if present customers do more than strict 
theoretical principles might call for, and hand over to their 
successors an ample margin to provide against unforeseen con- 
tingencies. Where, however, it is a case for laying additional 
burdens on ratepayers it is fair to ask that the allocation of the 
burdens should be as nearly as may be in proportion to the benefits. 
I need only say further upon this part of my subject, that, in 
addition to the ordinary contingencies of tear and wear, accident, 
errors of judgment, and obsolescence, a margin should also be 
allowed for such risks as a possible decline of population from the 
decay of trade, the removal of staple industries to other districts^ 
failure of minerals, transfer of shipping to other ports, and other 
unfavourable changes which may very seriously affect the ability 
of future ratepayers to bear heavy burdens, and all of which are 
important elements in determining the proportions in which 
present day users and ratepayers should share the burden of 
municipal improvements with those who come after. 

We now come to consider the second branch of our enquiry, 
viz. : — What are the facts with regard to the Glasgow Corporation 
Accounts, and how far are they in harmony with the principles 
we have laid down ? 

The time at our disposal does not permit of a detailed examina- 
tion, nor is it necessary. The accounts of most of the depart- 
ments, so far as I know, have never been called in question. 
As regards Water, Gas, and Parks, I think it is admitted that debt 
is being paid off at a rate which will secure to the next generation 
valuable assets free of debt. The Parks and the Water Works 
are being maintained in perfect order out of revenue, and the debts 
are being paid off in about 40 and 66 years respectively.^ No 
depreciation fund, therefore, is necessary. In the case of the Gas 
Works the sinking funds are on a 40 and 45 years' basis, and the 
only complaint I have heard is, that the depreciation allowed 
is too much. Most of the minor departments are also beyond 
question. The Police debts are being paid off in comparatively 
short periods, with adequate maintenance, if not in perpetuit):, 
at least, in "nearly every case, so as to last for several 
generations. As regards Street Paving, not only are the streets 

^ For the various Sinking Fund Rates, see Appendix I. 



92 Royal Philosophical Society of Glasgoiv. 

maintained out of revenue, but by a recent resolution of the 
Corporation, a scheme has been sanctioned under which in the 
course of lo or 12 years, as the present sinking funds fall in, 
the capital charge will be wiped out altogether, and all further 
expenditure on streets be provided for out of revenue. On 
Police Offices, Fire Stations, Hospitals, Baths, Halls, Bridges and 
other buildings, the debt is being liquidated in periods of from 
30 to 50 years, and the structure maintained. An extremist 
might ask a depreciation fund, in addition, but it must be remem- 
bered that, as a rule, the site values do not depreciate. An 
exception should perhaps be made in the case of the Bridges, 
but it may be pointed out that four of the bridges over the Clyde 
are now clear of debt. 

In the Cleansing Department all buildings and moveables 
are maintained or replaced out of revenue, and the whole 
property, including two estates owned by the department is 
being disburdened of debt at the rate of 2 J per cent, per 
annum. 

A very large sum of money is being expended upon the Sewage 
Purification Works, only a small section of which has as yet been 
finished, and the entire system will not be in operation for several 
years. Yet a Sinking Fund of if per cent., equal to repayment in 
60 years (in the earlier years it was 3 J- per cent.) is provided from 
the first on the whole money borrowed. Already a sum of 
;^82,ooo has been paid in interest and sinking fund upon the 
capital sunk in these works during construction, and assuming 
that all the money now estimated to be necessary to complete the 
scheme will be expended and the works be in operation, the 
western section by 1905, and the southern by 1908, Mr Borthwick 
calculates that a further sum of about ;£2 17,000 will have been 
paid for interest and sinking fund charges, making in all nearly 
;^3oo,ooo, of which about ;^i 80,000 is interest, and ;^i 20,000 
sinking fund — all taken out of the rates before the citizens shall 
have received aity benefit from this costly undertaking. It does 
seem to me that this is a case in w^hich the burden presses with 
undue weight upon the present generation. There is a further 
element of hardship in the arrangement made with the county 
and other local authorities under w^hich they can only be assessed 
up to 4d. per ;£ for seven years after the city has begun to treat 
their sewage, while there is every prospect of the Glasgow rate 
being considerably higher. It is a fair question whether an effort 
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should not still be made to obtain some measure of relief from 
this burden by a suspension of the sinking fund. 

The City Improvement Department is an exception to the 
general rule, inasmuch as no statutory sinking fund is required as 
yet under the 1866 Act. For the borrowings under the 1897 
Act a sinking fund of i;H per cent is obligatory. I dealt with this 
subject in a former paper, and it has been so much discussed, both 
in relation to policy and finance, by abler pens than mine, that it 
is unnecessary for me to refer to it at any length now. It is 
sufficient for my present purpose to say that the Improvement 
Schemes are not to be judged by their financial results alone, for, 
apart from their merits or demerits, looked at from the 
commercial point of view, they have yielded important results 
bearing on the amenity, health, and morality of the city which 
must be taken into account in any examination of the return got 
from the large expenditure they involved. The question has been 
raised whether the properties should not be sold or re-valued, and 
the depreciation or appreciation, if any, shewn in the balance sheet, 
which is quite a legitimate enquiry. But after all, the best test of 
the value of property is what it is yielding, and so long as the 
City Improvement properties shew an increasing surplus, as they 
are now doing, I do not think the question of sale or re valuation 
is urgent. It must also be borne in mind that the city can afford 
to hold the properties at higher values than any ordinary investor 
would care to pay for them. 

For the Municipal Buildings, which cost, including site, about 
^550,000 there is a Sinking Fund which will extinguish the debt 
in 56 years, and nobody doubts that the property will then be at 
least as valuable as it is to day. 

I pass over the Accounts of some of the minor Departments and 
proceed to consider those which have been specially singled out 
for adverse criticism — the Tramways, Electricity, and Telephones 
Accounts. 

I. Tramways. I have already stated that, in the case of the 
Tramways, not only is debt being paid off by means of the 
statutory Sinking Fund, but provision is made for maintenance and 
depreciation. I confess that I have never been able to understand 
how any critic wishing to expose a w^eakness in Corporation 
management or finance, with the Balance Sheets before him, could 
have fallen into the tactical error of selecting this department for 
his purpose. For what are the facts ? The Sinking Fund is 2 
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per cent accumulative, which is equal to paying off the debt in 
31 years. In addition to ordinary repairs, revenue is charged with 
•depreciation at the following rates, viz. : — 

Permanent Wiiy, .... ;^450 per mile of single track. 

Bonding of Rails, - - - - 74 per cent. 

Ducts, Cables, Poles, Rosettes, - 3 per cent. 

Buildings, including Sites, - - 24 per cent. 

Power Plant, .... 5 per cent. 

Car Works Plant, Cars, Sundry 

Equipments, and Furniture, - 7j per cent. 

These percentages are calculated each year, not on the 
diminishing balance, but on the full original cost, and are reckon- 
ed as sufficient to equalise the annual rate of depreciation, or, in 
other words, to reinstate the subject at the end of its life. The 
sum set aside for permanent way (;£'45o per mile) is based on a 
probable life of 10 years. 

It will thus be seen that, in addition to ordinary repairs and 
maintenance, provision is made for a renewal of the portions of 
the system undergoing tear and wear, some parts twice and the 
rails three times, within the 31 years during which the debt is 
being paid off. So that at the end of that period you will have a 
perfectly equipped system, or funds to make it so, without requir- 
ing to borrow afresh, as we saw some of the English Municipali- 
ties reckon upon doing. 

It may be said that this does not provide for the contingency 
of the system becoming obsolete or requiring to give way to 
something better. Well, no man can absolutely forecast the 
future. But in this case the policy which is pursued now is 
substantially the same as that adopted in 1894, when the tramways 
were taken over by the Corporation, and under which the 
department provided out of revenue, in 6 or 7 years, funds 
sufficient to convert from horse to electric traction, without 
carrying over against the new system a penny of the cost of 
obsolete or superseded plant. And it is difficult to conceive of 
any future developments which could not, in hke manner, be 
adequately met out of the full depreciation funds now being set 
aside. 

But as you are no doubt aware, there are those who think this 
provision for depreciation excessive, and who maintain that in any 
scheme of conversion the entire cost, including the value of the 
superseded plant, should be borne by the new and better system 
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An able exponent of this doctrine is Bailie D. M. Stevenson, with 
whom, however, I regret to differ. If an old machine is thrown 
out, and a new and better one substituted, I think a strict auditor 
would insist on writing off the sum at which the discarded machine 
stood in the Books. Mr Stevenson maintains that the Tramways 
Committee are writing down their property in an extravagant 
manner, which would not be tolerated by any body of shareholders, 
with the result that they are rapidly paying off, at the expense of 
the present generation, the entire cost of the undertaking, which 
is no part of their duty, although he thinks it is possibly an error 
leaning to virtue's side. All I can say is that, with such travelling 
facilities as they give at a cost of less than |d. a mile, it is a 
commendable error; and our friend's criticism is a good answer to 
those who contend that the Committee are not writing off 
enough. 

An indignant critic of this school, an Accountant, I regret to say, 
makes an appeal to Scripture to reinforce his views. " I know," 
he says, *•' that there is no law on the matter, but surely the policy 
of the unjust steward who wrote down assets for his own eventual 
comfort, is not the patron saint of our professional body." But 
this is an unhappy example to quote, for the unjust steward had 
only his own advantage in view, while we, as stewards for the 
public, advocate a liberal writing down in the interest, and for the 
eventual comfort of the proprietor. 

2. Electricity Works. — This undertaking is only a few years 
old. Judged by its last Balance Sheet alone it cannot be said to 
be financially in a strong position. While better than the 
standard laid down by the Municipal, Electrical and Borough 
Treasurers' Associations of England, it does not come up to our 
general standard in Glasgow. The receipts for the last two years 
met all charges, including Interest and Sinking Fund, but practically 
nothing was available for depreciation, although considerable 
sums were written off in previous years. This, however, is 
accounted for (i) by reductions made in the charges for supply 
of current, and expense incurred in change of voltage, and (2) 
by the large amount of Capital sunk which had not been earning 
revenue. On the principles already laid down with regard to such 
undertakings the results cannot be regarded as unfavourable. 
The policy of reducing prices to encourage trade is a wise one, as 
is proved by experience, and so long as there is no risk of falling 
back upon the rates it can be fully justified, even if for a few 
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years, there is little margin for depreciation, provided, of course, 
the plant is maintained in good working order out of revenue. No 
doubt, theoretically, depreciation begins from the moment the plant 
is laid down, but, in this case, where there is so large a field 
to draw upon for consumers, any depreciation there is can 
be fully met as the revenue increases. Then, as we have shown, 
it is a heavy burden on the early years of such an industry 
to have to pay Sinking Fund on the whole money borrowed, 
while a large part of it is unproductive. Had the Sinking Fund 
been suspended for a few years the works could not only have 
been maintained, but a reasonable depreciation fund could have 
been provided, while with lower charges the volume of business 
could have been increased, 

In the Glasgow Electric Lighting Order 1890, section 52, pro- 
vision is made for the formation of a Reserve Fund, and I under- 
stand it is now held by some of our legal advisers that this Reserve 
Fund is intended to take the place of depreciation, and that we 
are precluded by the terms of the section from writing off 
depreciation in addition. I have looked at the section, and, with 
all deference, I think this interpretation of it is wrong. It 
appears to me to proceed upon an entire misconception of what 
depreciation truly is. As I have already stated, depreciation is 
not a charge against revenue, but a charge against receipts. It 
is part of the expense of carrying on the business, and, until it is 
provided for, there is no nett revenue, and of course, nothing for 
a Reserve P'und. If the business is to be conducted on strict 
commercial lines depreciation must be provided for before any 
sum can legitimately be carried to Reserve. 

This seems to me so obvious that I should hold to it no 
matter what the terms of the Order were ; for of course, a Pro- 
visional Order may be wrong. I find, however, that the language 
of the section bears out my contention. It provides that 
all mojiies 7'eceived by the undertakers (excepting borrowed money, 
etc.,) shall be applied in payment of (i) working and establish- 
ment charges and cost of fiiainiefiance^ (2) Interest, (3) Sinking 
Fund, (4) all other expenses not chargeable to capital, and in 
providing (5) a Reserve Fund, if thought fit. You will notice 
that among the first charges on receipts is ?nai7tte?iafice, and as I 
have explained in an earlier part of this paper, depreciation and 
maintenance are practically the same thing. On the other hand 
the optional Reserve Fund is postponed not only to maintenance, 
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but also, and of necessity, to Interest, Sinking Fund, and all 
other charges. 

It appears to me, therefore, that the Electricity Committee, 
instead of being in any way hindered by their Act of Parliament 
from putting their undertaking on a strong financial basis, have 
actually more protection than any of the other departments, for 
they may, if they think proper, before giving away their profits in 
the way of reduced charges, not only provide full depreciation and 
Sinking Fund, but build up in addition a Reserve Fund equal to 
onertenth of their aggregate capital expenditure. 

While much can be said, therefore, in support of the view that 
the burdens upon this undertaking should be lightened in its 
earlier years, there is no reason whatever why the department 
should not by-and-bye, as its revenue increases, build up strong 
Depreciation and Reserve Funds, and bring its finances up to the 
high level of those of the Tramways. 

3. Telephones. — No enterprise of the Corporation has been 
subjected to so stormy a criticism as its Telephone Undertaking. 
There are reasons for this apart from its financial aspects, but 
into these I do not enter. Nor am I disposed to dogmatise upon 
the financial position. It is much too soon to do so. A concern 
which is only in its infancy is not to be judged as if it were fully 
established and in normal working order. Some of the criticisms 
passed upon the Accounts were premature, and others were 
inaccurate and absurd. The Accounts of the current year should 
furnish some test of the financial position, and give us the data 
for fair criticism. The question, however, is not one solely or 
perhaps chiefly for Accountants. No Accountant can say what 
is a fair rate of depreciation to allow on a telephone plant. 
There is not only the ordinary deterioration to be considered, 
but also, and probably in a special degree, the element of future 
unsuitability and obsolescence. No one would be bold enough 
to say that anything like finality has been reached in the matter 
of telephonic communication, and we do not know what surprises 
science may have in store for us. That, of course, is true in other 
spheres also, and too much need not be made of it. I merely 
mention it as an element not to be lost sight of in estimating the 
duration of work which is so largely connected with, and de- 
pendent on scientific developments. Then there is the con- 
tingency of the expiry of the license in 1913. All these con- 
siderations suggest that a large margin should be provided for 
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depreciation. It is for electrical experts to guide us as to what 
that margin should be, and probably it may be two or three 
years yet before anyone can say with certainty whether this 
department is going on safe lines or not. 

I have here statements furnished by Mr Robinson, our City 
Registrar, showing (i) the amount of the Loan Debt, and (2) the 
position of the Sinking Funds in all the Corporation Depart- 
ments. (See Appendices II. and III.) I shall not trouble you with 
these figures in detail, but you may be interested in the totals. The 
entire loan debt of the city, as at 31st May last was ;^ 13,034,000, and 
the aggregate amount of the Sinking Funds was ;^3, 98 5,000, or 
close upon 24 per cent, of the whole monies borrowed amounting 
to ;^i 7,000,000. The amount contributed to the Sinking Funds 
last year was ;^2 78,600, which is equal to 2 J per cent, on the entire 
debt as it stood at the beginning of the year, viz., ;^i 2,261,000. 
That is to say, the debt is being paid off at a rate over head which, 
if no new borrowings took place, would extinguish it in 45 years. 
In addition to this, as I have shown, the various works are being 
maintained out of revenue, or provision is made for depreciation 
in Heu of maintenance. 

It has, however, been alleged, I hope not seriously, that these 
Sinking Funds exist only on paper, and are mere book-keeping 
entries, that the Accounts are cooked, and that those relating to 
the different departments are not kept distinct and separate. So 
far as I can discover, there is no shadow of foundation for these 
allegations. I venture to say that no fair-minded person who has 
studied the Accounts intelligently could have made such an 
accusation, which tells, not against the Corporation, but against 
its trusted officials and auditors. 

It has also been objected that the Sinking Funds have not been 
applied in redemption of Corporation Stocks : which is true, but 
not to the purpose. The Corporation Loans Department is 
entirely distinct and separate from all the other departments. It 
stands to them in the relation of banker, and exacts payment each 
half-year from every department of its proportion of Sinking Fund, 
in accordance with the Acts of Parliament, as strictly as any 
banker demands payment of a bill on its due date, and there 
has never, of course, been default. As regards the Corporation 
Stocks some are, unfortunately, irredeemable and none of those 
redeemable have yet fallen in. The Corporation could therefore 
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only redeem stock by buying it in the market, and that kind of 
speculation, although possibly something could be made by it in 
certain conditions of the money market, is open to grave objec- 
tions as a policy, and I feel sure no prudent financier would 
recommend it. 

A further objection has been made that the sinking funds are 
not separately invested. But this also shows a lack of intelligent 
consideration. Suppose that instead of the sinking fund monies 
having been used in paying off debt, they had been invested in 
Consols or some other high class security, yielding less than 2 J 
per cent, a few years ago, while we had since to pay 3 per cent, 
or more for money borrowed, where would we have been to-day, 
and what fun the critics would have had at the expense of the 
Corporation with its sinking fund securities depreciated from 15 
to 20 per cent. ? 

The only reason why the debt is increasing, notwithstanding 
the constant repayment of debt, is the very obvious one that we 
are yearly requiring more money than we repay. Within the last 
three years we have paid off ;^7 15,000 by means of the sinking 
funds, but in the same period we have borrowed for tramways^ 
gas, electricity, telephone, sewage, and other new works, 
;^4,ii7,ooo. The difference of ;^3,402,ooo represents the 
addition to the city debt. 

In these notes, necessarily very incomplete, I have endeavoured 
to show that the finances of the Glasgow Corporation are 
in a sound condition, that the provision made for repayment 
of debt is liberal, and in some departments unduly and 
unnecessarily burdensome upon the citizens of to-day, while 
in the matter of depreciation, or maintenance, we aim at being 
not only just, but generous to those who are to come after us, 
and are doing in that direction more than many other Corpora- 
tions attempt, or Parliament requires. 

It is safe not to prophesy unless you know, and none of us can 
see very far into the future ; but, as we have been obliged to 
reckon with posterity all through this paper, we may in closing, 
venture to give it a parting glance. At the present rate of repay- 
ment, as we have seen, a sum equal to the entire existing debt 
will be paid off within the next 50 years, and making a liberal 
allowance for assets which may be depreciated, and appliances 
which may be superseded, and not provided for, it must be 
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obvious that property worth several millions will be in the 
possession of the city free of debt in the second half of this 
century, over and above what it owns free of debt to-day. What 
further liabilities will be incurred during the next 50 years no one 
can say, but if the citizens watch the sinking funds and deprecia- 
tion accounts and make sure that these are built up on the lines 
we have indicated, I think we may predict that whatever the 
amount of the debt may be hereafter, it will be less in proportion 
to the assets than the debt of to-day is, and that to that extent 
the burden of it will press less heavily upon our successors than 
the existing debt does upon the well -taxed and long-suffering 
citizens of 1903. 
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STATEMENT SHOWING THE RATES AIStS PERIODS OF THE 
STATUTORY SINKING FUNDS. 



I. 
REMUNERATIVE DEPARTMENTS. 
. Gas— 

Debt prior to June, 190 1, 



Debt borrowed under Section 22 of 
Glasgow Corporation Tramways and 
General Order Confirmation Act, 1901, 



2. Electricity — 

Debt prior to June, 1901, 

Debt borrowed under aforesaid 1901 Act, 

N.B. — The borrowing powers for Electricity 
are fixed by the Secretary for Scotland, 
and are taken off the Gas borrowing 
powers, 

3. Water-Works, 

4. Markets and Slaughter-Housbs, 



5. City Improvements Acts, 
1871, and 1880, 



1866, 



6. Animals Diseases Act, 

7. Telephones, 

8. Corporation (General Depart- 
ment) Common Good — 

a) Tramways, 
(/') Common Good, 



Rate of Sinking Fund 
fixed by Statute. 



Number of Years in ' 
which sa'd Sinking Fund 
pr.ysoflF the Debt. 



: per cent, accumu- 
lattd, with interest 
on debt redeemed. 



2j4 per cent. 



I per cent, accumu- 
lated, with interest on 
debt redeemed. 

2}^ per cent. 



ij^ per cent. 



Such annual sum as 
accumulated at -4 
per cent, will pay off 
the debt in 50 years. 



The Statutory Sink- 
ing Fund does not 
come into operation 
until the works 
uuthurised liave been 
completed, and all 
the properties real- 
ised. 

If any debt remains it 
is 10 be paid off in 20 
years 

All property sold is 
applied in reduction 
of borrowing powers 
and debt. 



663 



5 per cent. 

The Corporation have paid off this debt at a 
much quicker rate. It will be paid off by 1905. 

3^ per cent. 



2 per cent, 
accumulated. 



The loans raised on the security of the general 
property of the Common Good are not secured 
on the rates, and are subject to no statutory 
sinking funds. The debt will be quickly paid 
off by surpl revenue. 

It is expected when the tramway debt is paid off 
the Common Good will be free of loan debt. 
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AJFV&NDIX L—(contd,) 
CORPORATidV OF THE CITY OF GLASGOW. 



STATEMENT SHOV^Nt THE RATES AND PERIODS OF THE 
••STATUTORY SINKING FUNDS. 



•.I 



UN^lfevfUNERATIVE DEPARTMENTS, 

i: ToLiCE Departments— 

(«) Police Purposes, 

N.B. — The principal purposes for 
which the Loan Del)t under this 
heading have been incurred are 
Police Buildings and Stations, 
Fire Stations, Cleansing Estab- 
lishments, Despatch Works, Public 
Baths and Wash-houses, Street 
Gas and Electric Lamps, and 
Public Halls. 

(3) Statute Labour (Act 1866) Purposes, 
Viz, : — New Permanent Pavior Work 
prior to September, 1884. Con- 
struction of New Sewers, 

(c) Statute Labour (Act 1878) Purposes— 

1, New Permanent Pavior Work, ... 

2. Roads and Bridges (Scotland) Act, 
1878, and Amendment Act. 1888, 

(rf) County Road Debts. Roads and 

Bridges(Scotland) Act, 1878, 
if) Sewage Purification, 



{/) Sanitary or Public Health Purposes — 
Viz. : — Hospitals, ^ Sanitary Wash- 
houses, Reception-houses, Sanitary 
Chambers, Ground or Premises 
for Public Recreation, Open 
Spaces, Children's Playgrounds, 



2. Municipal Buildings Depart- 
ment, 

3. Parks and Galleries Depart- 
ment, 



4. City Improvements Act, 1897, 



5. Prison Payment. Corporation 
AND Police Act, 1882, 



6. Corporation Act, 1890 (Clyde 
Tidal Weir and Embankments), 

7. City of Glasgow Act, 1891, 



8. Public Libraries Act, 1899, 



Rate of Sinking Fund 
fixed by Statute. 



•2% per cent. 
On the price of loo 
railway wagons the 
Corporation volun- 
tarily set aside 5 per 
cent, instead of 2}^ 
per cent. 



•1% per cent. 



5 per cent. 

2 per cent. 

2 per cent. 

\% per cent. 
On cost of 54 railway 
wagons the Corpora- 
tion are voluntarily 
setting ^ aside 5 per 
cent. Sinking Fund. 



3^ per cent. 



I per cent, 
accumulated. 



1 per cent, 
accumulated. 



1% per cent. 



Not less than 1 per 
cent, accumulated. 



\% per cent. 



1% per cent. 



2 per cent. 



Number of Years in 

which said Sinking Fund 

pays oflf the Debt. 



50 
60 



56 



At the rate the Sinking 
Fund has been ap- 
plied the debt will be 
repaid in 43 years. 

60 



At the rate at which 
the Corporation has 
paid off this debt 
hitherto, it will be 
repaid in 30 years 
from contraction. 

66?^ 
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APPENDIX IL 

LOAN DEBT OF THE SEVERAL DEPARTMENTS OF THE 
CORPORATION OF GLASGOW, AS AT 31ST MAY, 1902. 

Remunerative— 



Gas (Capital), .... 


;fi,438,o65 










Do. (Temporary Loan), 


75,000 










Electricity, .... 


980,231 


8 


I 




Water, ..... 


2,855,850 


19 


2 




Markets, 


122,268 


18 


10 • 




City Improvements Acts, 1866, - 


1,273,279 





2 




Animals Diseases Act, 


7,530 


6 


2 




Telephones, . . . . 


172,240 










Common Good— 










Tramways, -;f 1,884,605 12 7 










For Halls, 










B azaars. 










Ground, 










Heritable 










Property, 










Feu -Duties, 










etc., say - 185,717 H 7 


2,070,323 


7 


2 














- ;^8,994,788 


19 7 








Unremunerative— 










Police Departments {less Crossbill 










Sinking Fund), 


;f2,226,8M 


12 


2 




Police Departments, on Tempor- 










ary Loan, .... 


91,647 


12 


9 




Municipal Buildings (Capital), - 


522,176 


16 


I 




Parks and Galleries do., 


699,255 


13 


II 




City Improvements Act, 1897, - 


344»790 


18 


8 




Prison Payment, 


16,895 


II 


5 




Clyde Embankments, 


107,236 










City of Glasgow Act, 1S91, 


30,767 


10 





15 








— 4»039>5<'2 




;fi3,034,37i 


14 7 



Note. — The old City Improvement Debt is placed under the heading 
** Remunerative," because the Revenue is now meeting Expenditure without 
the aid of Taxation. 
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VI. — The Theory of Ions or Electrons, By H. Stanley Allen, 
M.A., B.Sc. 



[Read befure the Mathematical and Physical Section, 19th Feb., 1903.] 



If we examine the theories that have been popularly held as to 
the nature of electricity we find two that stand pre-eminent. In 
the early days when electrostatic phenomena of attraction and re- 
pulsion were most in evidence the two-fluid theory was that which 
appealed most strongly to the ordinary individual. According to 
this view there existed two kinds of electricity, vitreous and 
resinous, conceived of as imponderable fluids. Equal quantities 
of the two fluids were supposed to annul one another — a con- 
ception which, as Clerk Maxwell says, presents no difficulties to 
the mere mathematician, though " to those who cannot use the 
word Fluid without thinking of a substance, it is difficult to 
conceive how the combination of the two fluids can have no 
properties at all." In spite of these difficulties, I think that if we 
recall our earliest ideas of electricity we shall find that they were 
based on the two-fluid theory. 

At the present time, however, when electricity is brought 
prominently before the public as a motive power and as an agent 
for lighting or heating, a " one-fluid " theory is popularly accepted. 
The very phrase " current electricity " is sufficiently suggestive of 
such a theory, and in spite of text-book warnings as to the 
impossibility of specifying the direction in which the " flow " 
takes place, or as to the possibility of flow in both directions, 
popular thought makes the electric fluid flow from the positive 
terminal to the negative. I suspect that those among us who 
are most precise in their scientific ideas still make use of this 
conception when dealing with a practical problem in current 
electricity. 

According to the one-fluid theory, or the theory of Aepinus, 
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" positive and negative electrifications consist in excess above and 
deficiency below, a natural quantum of a fluid, called the electric 
fluid, permeating among the atoms of ponderable matter.'' 
(Kelvin, "Aepinus Atomised." PhiL Mag, yizxo!^^ \^o2.) Clerk 
Maxwell remarks that the supporters of this theory have " not 
yet been able to assign sufficient reasons why the vitreous rather 
than the resinous electrification should be supposed due to an 
excess of electricity." (Treatise, p. 41.) As we shall see later 
more modern ideas would make the electric fluid consist of nega- 
tive or resinous electricity. 

In addition to these two popular theories we have the scientific 
theory, brought forward by Faraday and developed by Maxwell, 
in which action at a distance is discarded, and the medium 
between electrified bodies, or around conductors carrying currents 
is regarded as the seat of the electric phenomena. On the 
theoretical side this view has its greatest achievement in the 
description of light as an electro-magnetic disturbance propagated 
through the aether, while on the practical side, it has resulted in 
the experimental demonstration of electro-magnetic waves by 
Hertz. The development of wireless telegraphy bids fair to 
render this theory as familiar to popular thought as the previous 
one. 

In directing attention to the medium in which electrified 
bodies are situated, the followers of Maxwell may have over- 
looked to some extent, the condition of affairs at the bounding 
surface. This point of view may be illustrated by a quotation 
from Professor Gray's Treatise (p. 102,) '*What were regarded 
as the electric charges ... to which the apparent attractions 
or repulsions of the electrified bodies were attributed, are simply 
the surface manifestations of this state of the medium at the 
surfaces of the bodies immersed in it." Now such a statement 
will be welcome to the modern metaphysician, who is content to 
reduce the universe to a system of differential equations, but it 
will bring little satisfaction to the lay mind. If there is a surface 
of discontinuity how does the discontinuity arise ? 

I must confess that for my own part I have been in the 
habit of using any one of these theories as the needs of the 
moment may have required. This may be due to a lack of 
clear thinking and not to any deficiency in the theories them- 
selves, but I fear many others would have to confess to the same 
difficulty. 
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In addition to, though scarcely independent of, these three 
electrical theories, there is what may be termed the atomic theory 
of electricity. The existence of independent electrical particles 
or atoms is suggested by Faraday's Laws of Electrolysis. The 
passage of electricity through an electrolyte causes the products 
of decomposition to appear at the electrodes — and what is not a 
little remarkable at the electrodes only. Faraday gave the name 
of " ion " to each constituent of the electrolyte, the anion 
being deposited at the positive, the kation at the negative 
electrode. Faraday's laws are embodied in the following 
statement : — 

"The mass of an ion liberated by a current is proportional to 
the whole quantity of electricity which passes and to the electro- 
chemical equivalent of the ion, the electro-chemical equivalent 
being proportional to the chemical equivalent weight." 

If we express these results in terms of the atomic theory, we 
may say that the charge carried by a univalent ion is independent 
of the nature of that ion. A divalent ion carries exactly twice, 
and a trivalent ion three times this quantity. This would suggest 
that there is an electric atom associated with each univalent 
particle, and an appropriate number of such atoms with each 
particle of higher valency. 

The theory of ions or electrons has developed along independ- 
ent but converging lines. As the starting point of one of these I 
take the experiments of Sir Wm Crookes on kathode rays. 
When a vacuum tube is exhausted, the negative electrode is 
surrounded by a dark space, the extent of which increases as the 
exhaustion improves. If the dark space extend to the walls of 
the tube, a striking green phosphorescence is produced there. 
Crookes explained this by supposing a stream of negatively 
electrified particles, or ** radiant matter," to be shot off from the 
electrode. Experiment showed that radiant matter travelled in 
straight lines, and that the interposition of a solid object caused 
the formation of a shadow on the walls of the tube. The stream 
of particles could produce heating effects and mechanical effects, 
and be deflected by a magnetic field. In Germany at least, this 
hypothesis was rejected, and the effects were attributed to some 
form of radiation — the kathode rays. 

Professor J. J. Thomson {PhlL Mag,^ xliv. p. 293, 1897), has 
shown that the kathode rays, when deflected by a magnet or not 
so deflected, carry a charge of negative electricity, and also that 
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they render a gas, through which they are passing a conductor. 
In consequence of the latter fact the rays are not deviated in an 
electrostatic field, unless the pressure of the gas is greatly 
reduced, so that there is little gas left to conduct. He has 
obtained measurements of the deflection of the rays, both in a 
magnetic and an electrostatic field. Suppose the kathode 
stream consists of particles, mass m^ carrying a charge ^, moving 
with velocity v. If a magnetic force, H is applied at right 
angles to the direction of motion, it will exert on the particle a 
force Hev at right angles both to the magnetic force and the 
direction of motion. Hence the particle will describe a circle 
of radius mv\eH. By measuring the radius of this circle, viv\e 
may be found. 

If an electric force F is applied to the particle at the same 
time as the magnetic force, in a direction at right angles to 
the magnetic force and to the path of the particle, its 
magnitude may be adjusted so that its effect just balances that of 
the magnetic force. When this is the case, Hev is equal to Fe, so 
that the value of v may be found. Thus the value of m\e, the 
ratio of the mass of the particle to the charge it carries may be 
deduced. The value of this ratio was found to be about io~^. 
And it is most important to observe that the value is independent 
of the gas contained in the vacuum tube and of the material of 
the electrode. 

Let us turn now to another case in which electrical charges are 
carried by small particles. We have seen that when electricity 
passes through a liquid electrolyte the current is carried by the 
atoms of the liquid, and that all these atoms carry the same 
charge. The ratio of the mass of the atom to the charge it 
carries can be measured, and in the case of the hydrogen atom 
the value of this ratio m\e is found to be io~^ 

Thus for the hydrogen atom the ratio is i,ooo times greater 
than that for the particles constituting the kathode rays. This 
fact might be explained in two ways— either by supposing the 
charge carried by the kathode particle large compared with that 
carried by the hydrogen atom, or by supposing the mass of the 
kathode particle small compared with the hydrogen atom. To 
determine which of these suppositions is correct it is necessary to 
measure the charge on the particle. This has been done by 
employing the discoveries of Mr C. T. R. Wilson, and it has 
been found that the charges carried are the same in the two 
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<:ases. It follows, therefore, that the mass of the negatively 
electrified particle, or corpuscle, is only i/i,ooo part of that of 
the hydrogen atom. 

I have spoken of these corpuscles^ as masses of matter 
•carrying an electrical charge. That this conception is less simple 
than appears at first sight, is made evident by a remark of the late 
Sir George Stokes (Wilde Lecture, 1897). 

" What the appropriate physical idea is of a statically charged 
body is more than I can tell you. I was talking not long ago to 
Lord Kelvin about it — and he considers that the physical idea of 
a statically charged body is still a mystery to us." 

Such an electrified particle in motion would possess energy in 
virtue of its mass {m)^ and also in virtue of its charge (^), the 
total amount being 

where >^ is a constant depending on the shape and size of the 
particle. Thus the effect of the electrical charge is to give to 
the particle an additional apparent mass of amount ke^. 

The question suggests itself whether the whole of the energy 
should not be attributed to the second term. In this case the 
electrical charge would exist apart from ordinary matter, but 
would still possess an apparent mass in virtue of the moving 
charge. An extension of this idea might lead us to regard all 
mass as electrical in its origin. 

It is exceedingly difficult to distinguish experimentally between 
the effect due to the mass of the particle and that due to the 
moving charge, and at present the question may be regarded as 
undecided. 

When the kathode rays in their course through the vacuum 



^ I may refer here to the nomenclature of the subject as it may be a little 
bewildering to hear of ions, electrons, eledrionSy and corpuscles. The term 
ion, as we have seen, was used by Faraday in speaking of the constituents of 
a liquid electrolyte. But as conduction in a gas is supposed to be electrolytic 
in character, ihe same term has been employed. 

Johnstone Stoney • in dealing with the emission of luminous vapours, 
proposed the name electron to designate the elementary electrical quantity. 

Lord Kelvin in 1897 suggested the modification electrion to denote the atom 
of resinous electricity, each atom of ponderable matter in the absence of the 
electrion constituting an electron of vitreous electricity. 

J. J. Thomson uses the term corpuscle in speaking of the minute particles of 
ordinary matter in association with a negative charge of electricity which con- 
stitute the radiant matter of Crookes. 
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tube impinge on a suitably placed screen, that screen becomes 
the source of the Rontgen radiation. To Sir George Stokes is 
due the suggestion that this radiation is formed of thin pulses 
propagated through the ether with the velocity of light. J. J. 
Thomson has pointed out that the sudden stoppage of an 
electrified particle would give rise to such a disturbance, the 
energy travelling outwards through the medium in the form of a 
thin shell. The properties of these irregular pulses would differ 
considerably from those of the regular trains of waves which con- 
stitute ordinary light. 

The original discoverer of the X-rays, not only announced that 
they were capable of penetrating substances opaque to ordinary 
light, but also made the important observation that they could 
discharge electrified bodies. He showed that air through which 
X-rays have passed, retained the power of discharging electrified 
bodies for some time after the rays had been cut off. Thus, 
an electrified body, not itself exposed to the rays could 
be discharged by conducting to it air which has been thus 
exposed. 

This discovery formed the starting point of a most interesting 
series of researches by J. J. Thomson and his fellow-workers at the 
Cavendish Laboratory. They worked on the hypothesis that 
the gas exposed to the rays, as it behaved like a dilute solution 
of an electrolyte, became " ionised." In this way many of the 
characteristic properties of conduction through gases were 
explained. For instance, if a current of electricity is passed 
through a gas rendered conducting by X-rays, the conductivity 
is completely destroyed. The free ions liberated by the X-rays 
are removed. When the gas is exposed to the rays the current 
through it never exceeds a certain maximum value whatever 
the electromotive force may be. When this state is reached 
the conducting particles are being used up as fast as they are 
produced. In this way too is explained the somewhat paradoxical 
result, that when the current is " saturated," the current may be 
increased by increasing the distance between the electrodes — for 
in this way a greater volume of air is exposed to the action 
of the rays. 

Zeleny {PhiL Mag,^ xlvi. p. 120, 1898), showed that the 
velocity of the negative ions in an electric field was greater 
than that of the positive. Assuming that the charges which they 
carry are equal, this would lead us to suppose that the negative 
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ion is smaller in size than the positive. The same result has 
been found to hold, no matter what method is employed for 
the production of ions. 

Townsend {Phil. Mag., i. 6th series p. 226, 1901), has 
proved that when the pressure of the gas is reduced the motion 
of negative ions under an electric field results in the produc- 
tion of new ions, so that the results as to the " saturation " 
current stated above no longer hold. For the range of forces 
examined, the positive ions do not contribute to the generation 
of ions. 

These researches have gone far to explain the phenomena that 
occur in electric discharge through a vacuum tube, phenomena 
so varied and so complicated, as to have been the despair of 
physicists. 

I have already referred to the work of Mr C. T. R. Wilson 
{Phil. Trans., 1898, 1899). This is of so great interest, that a 
short account may be given. In a mixture, consisting of air and 
water- vapour alone, it is comparatively difficult to produce a fog. 
If dust particles are present, the formation of fog is greatly 
facilitated. If all dust is removed, the discharge of electricity 
into the air promotes the formation of fog. Mr Wilson con- 
structed an apparatus by the use of which the air was allowed to 
suddenly expand in a known ratio. When moist air, free from dust, 
so expands slight condensation does occur, if the maximum 
supersaturation attained exceeds a definite limit. If, now, the 
air is "ionised,'' either by X-rays, uranium rays or negatively 
charged zinc exposed to ultra-violet light, a fog is formed when 
the supersaturation exceeds the same limit. From this, it is 
inferred, that each ion becomes the nucleus of a water drop, 
so that, it may be said, that we have here a method of rendering 
the ions visible, by giving to each a coat of water. The slight 
condensation that takes place in air not exposed to the rays is 
supposed to be due to a few scattered ions that are present in it. 
By measuring the rate at which the fog formed in ionised air 
subsides, it is possible to estimate the size of the drops and to 
infer their number. 

Experiment showed that there was a great difference between 
positively and negatively charged ions as regards their power of 
acting as nuclei for the condensation of water vapour. For 
negative ions a much smaller degree of supersaturation is 
required to cause water to condense than for positive ions. This 
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fact furnishes a possible explanation of the preponderance of 
negatively electrified rain. 

The theory of electrons has also been developed from the 
point of view of the electromagnetic theory of light. Helmholtz 
and H. A. Lorentz working independently showed how it was 
possible to explain the dispersion of light in absorbing media on 
electromagnetic principles. 

In 1896, Zeeman {Phil. Mag,^ xliii. p. 226, 1897), first 
observed the broadening of the spectral lines produced by 
placing the luminous source between the poles of a powerful 
electromagnet — an effect looked for in vain by Faraday. 
Lorentz gave a theoretical explanation of the results on the 
assumption that the light had its origin in the vibration of 
electrons associated with the atoms of ordinary matter. He 
predicted that the edges of the broadened line would be 
circularly polarised, and this was found to be the case. The 
theory is alsot capable of explaining the resolution of the spectral 
lines into doublets, triplets, and combinations of greater com- 
plexity. From the amount of separation observed betw^een the 
components of a line in a magnetic field of known strength it is 
possible to calculate the value of the ratio ejm and the value 
so found is of the same order of magnitude as that deduced 
for the carriers of the kathode rays. Moreover the vibrating 
electron is always found to be negatively charged. 

The Ionic theory has been extended to explain the conduction 
of electricity in metals. According to this theory the metal con- 
sists of a sponge-like structure of atoms an'd positive ions through 
which the negative ions or corpuscles can move freely. The mean 
free path of the corpuscles is of the same order as that of a gaseous 
molecule, and the laws of the kinetic theory of gases may be 
applied to them. 

Elster and Geitel (Wied. Ann. xxxviii. p. 27), have shown that 
a metallic wire raised to a high temperature emits negative 
electricity. J. J. Thomson {Phil, Mag, xlviii. p. 547, 1899), 
proved that the carriers of this electrification were identical with 
the corpuscles of the kathode rays by measuring the deflection 
produced by a magnetic field. O. W. Richardson (Camb. Phil, 
Soc. xi. p. 286, 1902), has shown that carbon raised to a white heat 
emits a current equivalent to about one ampere for each square 
centimetre of surface. The number of corpuscles that would 
have to be emitted every second from the unit of area to carry 
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this current is about 5 x 10^^. He has calculated that a cubic 
centimetre of platinum at a temperature of 1,548° absolute would 
contain about 10-^ free negative ions. An independent determina- 
tion by Patterson based on the change of resistance of platinum in 
a magnetic field gives a value 10 times as great — an agreement 
sufficiently striking when the many sources of error are considered. 

The application of these results to cosmical phenomena — regard- 
ing the sun, for example, as a hot body emitting crowds of 
corpuscles — presents many fascinating possibilities. 

If the view here put forward is correct, and an electric current 
consists in reality of a current of corpuscles carrying a charge of 
resinous (negative) electricity, it follows that a moving electric 
charge being in all respects equivalent to a current, should have 
the power of deflecting a magnetic needle. This was first tested 
experimentally by Rowland, as is testified by Clerk Maxwell's 
lines in a letter to Tait. (Nature, Ixiv. p. 16, 1901.) 

This question has recently been the subject of muclj controversy 
owing to the negative results of experiments by Cremieu, but 
against these we may set the very definite and consistent results 
obtained by Pender at the Johns Hopkins University. 

In the brief sketch of the Ionic theory which I have given I 
have dealt chiefly with one line of its development — that relating 
to the discharge of electricity through gases^. I have endeavoured 
to draw attention to points where outstanding difficulties occur, 
but probably the most important question to be considered is the 
relation between the Ionic theory and MaxwelFs theory of the 
dielectric mediurn. Fataday introduced the conception of lines or 
tubes of force with a system of tensions in the direction of their 
length and pressures at right angles to them. The question has 
been raised whether this conception of the origin of the mechanical 
forces on a charged body is a legitimate one. Thus Larmor 
(Presidential Address to Section A, Brit. Ass. 1900), in speaking 
of an atomic electric charge as being itself some kind of strain 
configuration in the aether, says : — 

" We appear to be debarred from imagining the aether to act 
as an elastic connection which is merely the agent of transmission 
of a pull from one nucleus to the other, because there are 
already stresses belonging to and constituting an intrinsic 



^ In this paper I have purposely refrained from entering on the interesting 
subject of Radio-activity. 
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part of the terminal electrons, which are distributed all along 
the medium.'* 

I can only hope that the members of the Mathematical 
and Physical Section will be able to throw light on these 
and kindred difficulties in connection with the theory of elect- 
rons — the electrons which we are led to think of as existing 
in such illimitable numbers, and yet each individual occupies the 
whole of space. 
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VII. — Entropy. By Professor Andrew Gray, LL.D., F.R.S., 
President of the Mathematical and Physical Section. 



[Read before the Society, 25th February, 1903.] 



A CONTROVERSY began some little time ago and is still raging 
in the Electrician^ over the Thermodynamic quantity Entropy, 
It is corroboration of a conviction I have long entertained, that 
the ideas and processes of thermodynamics stand in need of 
a somewhat greater precision than that which generally character- 
ises the definitions and explanations in the text books. It is very 
evident from a comparison of the utterances of men like Professor 
Perry, Sir Oliver Lodge in this country, and Professors Poincare 
and Planck on the Continent, that there is variety of 
opinion and of statement regarding thermodynamic matters ; and 
Mr James Swinburne has done good service to the cause of 
clearance of thought and accuracy of expression by raising the 
subject of entropy, and its definition and reckoning, in his president- 
ial address to the Institution of Electrical Engineers. The first 
point I would draw attention to is a lack of precision in the use of 
the terms reversible and irreversible as applied to cyclic processes 
through which a working substance is put, and in this connec- 
tion to the confusion which is frequently made between the 
working substance and the bodies which constitute the sources or 
reservoirs, positive or negative, of the heat taken in or given out 
by a thermodynamic engine. It ought to be pointed out, I 
think, to begin with, that every cycle of changes through which a 
working substance, which is at every stage throughout at uniform 
temperature is put, and in which there is no conversion of work 
done by the substance into heat through friction, or the like, is 
in itself perfectly reversible ; it is only necessary to adjust sources 
and sinks (that is negative sources) to fit the cycle to make it one 
in which a thermodynamic engine may work between a complex 
system of sources and sinks, so that fdH\B for the whole cycle 
may be equal to zero. For it is possible, if it is desired to do so, 
to divide up the cycle, whatever its nature, into a series of Carnot 
cycles, each consisting of two pairs of oppositely directed changes, 
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one pair being isothermal, the other adiabatic. But it is to 
be observed that here the for each source or sink of the system 
is the absolute temperature of the working substance. This is not 
usually stated in the books on Thermodynamics ; but since begin- 
ning to put together my ideas on the subject I have found the 
same notion of a cycle reversible in itself in M. Poincare's 
Traite de Thermodynamique, 

The definition of entropy gener- 
ally adopted is as follows : — Let 
the working substance of a thermo- 
dynamic engine take in at temperature 
B a quantity of heat dH: the entropy 
of the substance is increased by 
dHjO, If the temperature of the 
substance remains constant when 
this addition of heat is made, the 
Substance (speaking generally) ex- 
pands along an isothermal, doing work 

on external bodies. Thus if the point A in the pressure-volume 
{p^v) diagram (see Fig.) represent the state of the substance at the 
beginning of the expansion, and B the state at the end, the line 
A B represents the change of state at constant temperature. We 
may now suppose drawn through A and B two lines AC^ B D 
displacement along which represents change of state when no 
heat is given to or taken from the body. These are lines of 
constant entropy of the substance, and the change of entropy 
which the substance sustains in being carried from ^ to ^ is 
defined as dHjO, Thus for the change along a lower isothermal 
A' B\ the same change of entropy takes place, viz., dH' jS' ^dH/O, 
so that dI/' = dI/0'/6, This defines the entropy of the substance 
to a constant pres. The constant may be assigned in different 
ways according to convenience. 

The changes of entropy have, however, been too exclusively 
identified with the working substance, where as will be shown 
later, any infinitesimal change of entropy is always a perfect 
differential, if any cycle of changes through which the working sub- 
stance is put is reversible. If a quantity of heat dJI be taken from 
a reservoir at temperature 0, or given to a reservoir at temperature 
0', the former loses entropy dH/O, the latter gains entropy dIflO', 
and the change d<l>, or ^<^', of entropy may or may not be a perfect 
differential. 
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The ordinary expression of the first law of thermodynamics for 
the case of a substance, the state of which may be fixed by any 
two of the veriables p,v,B, (pressure, volume, temperature,) gives 
the equation dE^dH-pdv^ where E denotes the internal energy 
of the substance, and pdv expresses, of course, the work done in 
the expansion dv. This equation may be written also 
dE — 6d(t> -pdv, which expresses the relation of d<l> to the change 
of internal energy and the element of work done. A similar 
equation holds in more general cases. 

In any actual cycle, which is of course irreversible, the which 
appears in the expression fdH\0, as applied to that system, is the 
absolute temperature of the actual source or sink, which is higher 
or lower than the temperature of the working substance. The 
result is that we have fdHjd less than zero, that is, it is negative. 
This will be clear at once if it is observed that where heat dH is 
taken in by the working substance the temperature of the 
source is higher than that, 6^ say, of the working substance, and 
where heat, dlT say, is given out by the working substance to a 
sink, the temperature 0' of the sink is lower than the temperature 
^1 of the working substance. Thus if we compare 

rdff _ r dlT 
J 6 JO' 

cdH cdH' 

^'^"^ JT, ~ I y/ 

which vanishes, since we suppose that the cycle of the working 
substance is in itself reversible, we see that since 0>0^ and 0\ > $' 

/t-/t^<«- 

or if we chose to place the whole integration for the cycle under 
one integral sign, 



/ 



^<0. 

e 



This is the celebrated theorem of Clausius. It must always 
be carefully remembered that when the theorem is used for 
a cycle such as I have described, that the temperatures are not 
those of the working substance, but of the bodies which form the 
reservoirs of heat. 

Now as the entropy changes in the cycle just discussed, taking 
separately the heat lost by the sources and the heat gained by the 
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sinks, that is the heat changes of the reservoirs, we see that the 
loss of entropy from the sources is fdHjd^ and the gain of entropy 
by those reservoirs which are sinks is fdH'16' , so that on the whole 
the loss of entropy by the reservoirs is 



dff 



r; ^ i 






or taking both terms under one symbol of integration, and 
integrating as before both as to sources and as to sinks, we find 
that the increase of entropy is -fdH\Q, But, as we have seen 
for this actual and therefore irreversible cycle. 



dJI 

e 



<o 



that 



-/ 



dB- 

9 



> 



that is, the increase of entropy is positive, and the effect of 
the irreversibility is to increase the entropy of the whole system of 
bodies considered. 

The diagram adjoining shows the 
energy changes of the sources, and 
the work done by the working sub- 
stance. We shall suppose that part 
of the heat is taken in from reservoirs 
at one temperature 6, and that all the 
heat given out is to reservoirs at a 
lower temperature O'y so that the 
diagram has two parts parallel to 
the axis of zero temperature, and 
is otherwise as shown. While 
heat is being taken in at temperature 6, the entropy changes from 
that represented by the point A to that represented by B, and the 
energy lost by the sources is represented by the area A B M" M, 
In the next part of the diagram, B C, heat is taken in at success- 
ively lower temperatures down to ^, while the entropy of the 
reservoirs falls to that represented by the point C, The energy 
lost by the sources is represented by the area MB C N* , Then 
heat is given out by the working substance in the succession 
of changes of entropy C D^ and at D the process terminates. In 
this part of the process, energy represented by the area ND CI^' 




ii^t-rtf,-^ <p. 
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is given back to the sources. The net amount of energy lost by 
the sources is thus represented by the area MAB C D N M. 

Now, the working substance performs, we suppose, the 
temperature-entropy cycle A B' CD' , the area of which represents 
the useful work done in the cycle, which is reversible in itself. 
The difference between this and the energy represented by the 
area MAB C DNM \s wasted. 

The changes of entropy which take place in the working 
substance are zero on the whole if the succession of changes 
is reversibly cyclic. But let the substance be carried from a state 
^ to a state B ; then the change is a reversible one, and the 
entropy change depends only on the terminal states. Hence it is 
<t^B — <t>A, if <I>B, <i>A denote the entropy at the end and at the 
beginning. Denoting the temperature of the working substance 
by 6^ we get 



I ~- — 9b — 9a. 



A ^1 



But the entropy lost by the sources is fdH\0. Hence the 
total gain of entropy is 



B 

dH 



] — -^ 9B - 9a 



But this is 



/>' B 

_ i dH_ I dH 

A ^ A ^\ 

where 0^ is at every stage the temperature at which the working 
substance receives heat, and Q is the corresponding temperature 
at which the source gives out heat. Hence if all the terms 
of fdHjO are positive 

B B 

dH I dH 



is positive, and 



A ^ A ^l 



-— -h <I>B - <t>A > 

9 



that is the entropy is increased by the change of the working 
substance from the state A to the state B, 
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On the other hand, if all the terms of fdHjB be negative, then 
fdHjO^ is negative also and of smaller numerical value, since 
whatever heat has passed from the working substance to a 
reservoir, 0^ must be greater than 6, The entropy lost from the 
sources is now /dHjO^ and, therefore, —fdHjO represents, since 
the integral is negative, a real gain of entropy by the reservoirs. 
The entropy 

B 

[dH 

</>/>' - <kA = J ~0~ 

is also negative, so that the entropy of the working substance is 
really diminished. The gain of entropy is 

- J — + 9b - 9a, 

and this is again essentially positive. Hence, on the whole, when 
the sources receive heat from the working substance, the entropy 
is increased. Thus in all cases 



with 



- j — + <I>B - <I>A > 

u 

- I — + <t>B - ^A = 

6 



as a limiting case. 

We may now have any complex case in which heat is tranferred 
back and forth between sources and working substance, and a 
combination of the two results just obtained gives the general 
theorem for all cases 

- —- -^ <f>B - <t>A > 

that is, in all changes whatsoever in which sources of heat and a 
Avorking substance are concerned, the entropy tends to increase. 
In the changes which take place in the working substance 
under the condition imposed upon it of no interchange of heat 
between different parts of it, but only direct and reversible 
passage of heat between the sources and the substance or its parts, 
the change of entropy in a complete cycle vanishes since 

rdff 

Hence in any passage of the working substance from a state 
^ to a state B, by any succession of changes (or " path," as 
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we may call such a succession), the change of entropy sustained 
by the working substance must be equal and opposite to that 
sustained by it in passing from ^ to ^ by any other path. 
Denoting the first or direct path by ACB, by reference to 
an intermediate state Cin it, and the inverse change by B DA^ 
by reference to an intermediate state D in it, we have 

[^ d_H _ C dH _ C dH 

A ^l ACB ^i BDA ^i 

and this holds whatever the inverse path may be. Hence 

r^dif 



r 



A ^1 

depends only on the terminal states A,B of the substance. 

Hence, provided <^ can be expressed as a function of variables 
which express the state of the substance (say for a gas /, v, or 
V, 0, or /, 0) which is single-valued throughout the region in 
which the paths are drawn, ^ZT/^^ is a perfect differential of that 
function. 

It is most carefully to be noticed that, in general, in actual 
cycles, d/f/6^ (where refers to the source or sources) is ?tot 
a perfect differential. 

It is instructive to look at this matter from the point of view of 
waste of available energy, that is of the utmost amount of work 
that can be obtained from a system of reservoirs of heat, the 
temperature of the coldest of which is 6q. 

Let us suppose that we have a source at temperature ^ 
and a sink at temperature 6q, then by a perfect thermodynamic 
engine working between these temperatures, the utmost realizable 
value of the energy of a quantity of heat dJI taken in at 
the higher temperature is dIl{l — 0J6). The whole work- 
value of dl/ is, of course, ^ZT itself, if it is measured in dynamical 
units^ hence the portion inevitably wasted is O^dHlS. Similarly 
the engine may be regarded as working between any other 
temperature and the lowest available temperature ^o- For utmost 
economy, however, it is necessary that no heat be rejected except 
at the reservoir at temperature 6^. Thus in any more complicated 
case in which heat is taken in at certain temperatures and given 
out at others, so that the whole heat taken in is H^ and that given 
out is ZT, the heat utilised is H—IT , The whole heat inevitably 
wasted is H\ and it is also H' — 0^fdH\0 where the integral is- 
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taken over the wJiole range of heat passages, from the sources 
as well as to the sinks. Hence we have for the complex cycle of 
the perfect thermodynamic engine 



cdti 
J 6 



the well-known relation to which reference has already been made, 
and which constitutes the second law of thermodynamics. Thus 
in such a cycle, and subject to the proviso stated above, dHjd 
is a perfect differential of a function of the two independent 
variables chosen. 

But now consider a complex irreversible cycle such as we have 
already imagined, that is one which is reversible in itself, and let 
the lowest available temperature of a reservoir be Oq. If, in this 
case, the heat taken in be H, and the heat given out be H' , for 
the whole complex cycle the heat utilised is H—H', 

But the utmost availability of the heat ZTis H— Q^fdH\Q, where 
the integral refers to every element of heat taken in by the work- 
ing substance, and Q is the temperature of the reservoir from 
which the element of heat dH is received. The amount actually 
utilised is H—IT, so that the waste of available energy is 

»■ - <-./'#. 

in which the integral refers only to heat taken in at the temper- 
atures Q of the sources. 

If the cyclic change is internally irreversible, say from the 
existence of friction or any other cause by which the heat given 
up by the working substance is added to by the transformation 
into heat of part of the work done, let ^q denote the lowest avail- 
able temperature for the working substance. Then the utmost 
available energy in a quantity of heat dH taken in at temperature 
Q is dHi). - Oq/O). If corresponding to dJI taken in at 
temperature 6, heat dH' is given out at temperature 0\ there 
remains in dif' a realisable work-value dH' {l — S^jO'). The 
work-value which has been expended is the excess of the original 
work-value over the remaining one, and is therefore 

dH — dH' — ^ol~g~ "" ""^y* 

But dH' is greater than the value dH'^., say, which would have 
been given out if the cycle had been reversible in itself, and the 
available energy expended for the temperatures 6, 6' must be as 
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great as dH— dH\, For, if the engine were reversible, the heat 
utilised for this part of the process would be dH—dH\^ where 
dir ^ = dHd' 1$. But the additional quantity of heat dH' -dlT ^ 
{ — dh say) given out at & is virtually let down from temperature 
to d' without work done. It is, therefore, to be deducted from 
dHy so that the heat used reversibly between Q and & is 
dH ^ dh, and the corresponding amount of available energy 
reversibly expended is (dJI—dh) {I— 6'/6). Besides this there 
is expended dh/ (1 — 6'/ 6) ; so that the total expenditure of avail- 
able energy is dII{\ — 6' Id) or dH-dH\y which is greater 
than dH—dH'. But integrating the expression 



dH-dB'-e,(^-f-^^-) 



already found for the available energy expended, we see that the 
whole amount of available energy expended is 

^d^ 


where heat given out as well as heat taken in is included 
in the integration. By the considerations above, this is greater 
than H-^ IT, so that 

^d^ 

has a finite negative value. 
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VIII. — The Death-Rate in One Apartment Houses : An Enquiry 
based on the Census Returns of igoi. By A. K. Chalmers, 
M.D., D.P.H.(Camb.), Medical Officer of Health for the 
City of Glasgow.^ 



[Read before the Society, 22nd April, 1903. J 



Mr President and Gentlemen, — It is fitting that I should 
devote the opening words of this paper to acknowledging the 
honour which the members of the Sanitary and Social Economy 
Section of your Society have conferred upon me in selecting me 
as their President. Nor can I refrain from expressing my 
appreciation of the constant devotion to the work of that section 
which is displayed by its Secretary, Mr Buchanan, and which 
renders the work ot the President almost a sinecure. 

But in approaching the work which it becomes the duty of the 
President to undertake, I am conscious of no inconsiderable 
hesitation — a hesitation which arises from the knowledge that 
with similar opportunities I shall fail to devote them to the same 
high excellence of purpose that my predecessors have done. But 
I take courage in the recollection that the problems with which 
Sanitary Science and Social Economy concern themselves, have 
many aspects and few limitations. 

Is it not the case that our material progress is creating for us 
new problems which it were at least unsafe to assume are to be 
solved without any revision of our methods ? 

Yesterday it was the cry of the children swelling in its pathos 
above the din of a recently introduced factory system and the 
cruelties of child labour ; to-day it is the demand of Empire that 
our manhood shall be of the best. 

We regard, it may be, with equanimity our rapidly declining 
birth-rate because it still so much exceeds the rate of deaths, but 
are we gaining in quality what we are losing in quantity, or have 
we simply better learned the art of protecting our children from 
danger. Are they stronger, if fewer, or is it that we are silent 

^ An Address as President of the Sanitary and Social Economy Section. 
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witnesses of the operation of some biological law of whose very 
existence we are scarcely yet conscious. 

Or, again, do we often ask ourselves whither the increasing 
growth in number of our town populations, with its associated 
depletion of our rural districts, is tending ? Let anyone betake 
himself to a calm perusal of the chapter " Realities at Home,'' 
in a recent work^ and then ask himself whether the Author's 
description is true only of London, of which he writes, and has no 
counterpart in this and every other City population. For the 
new problem which the 20th Century brings is no mere 
repetition of the old. The need still remains, it is true, for 
dealing in detail with the scattered fragments of those grosser 
physical surroundings of life which stirred the philanthropy of 
Queen Victoria's age, and produced our Industrial, our Educa- 
tional, our Sanitary Codes. But even were this accomplished 
is the end in sight ? 

Are there not already suggestions that what the Alienist calls 
mental disease, and the Sociologist the Neuroses of modern City 
life are but awaiting recognition from every form of activity 
which has the perfection of the race as its object ? 

Is the growing custom of a Saturday at golf, or a week-end 
in the country the outcome solely of an increasing desire for 
pleasure, or the timely recognition of a demand by the nervous 
system that the strain must be relaxed? Is the growing 
demand for ever varying forms of excitement, an indication of 
mental health or of an ill-developed and badly balanced brain? 
Have we learned only how to preserve life, while blind to the 
need for an increasing nerve power to develop it ? If we have 
in some measure learned how to pick our steps warily through 
many of the causes of disease and ill-health, is it but as the child 
rl earns to walk unaided ? 

But while there is much here which tempts one to linger, my 
purpose to-night is a much more limited one. 

The writer of a recent article in the Contemporary Review^ 
contrasts, not inaptly, the perfection which is attainable in plant 
life when the botanist proceeds by a selection of the species 
possessing most abundantly those qualities which he wishes his 



^ ** The Heart of the Empire : Discussions of problems of Modern 
•City Life in England.'' T. Fisher Unwin, 1902. 

2 March 1903, ** An old Scot's City." By Professor Geddes. 



Dr Chalmers on Death-Raie in One Apartment Houses. 127 

new forms to acquire, with the almost complete absence in the 
mass of mankind of those qualities of strength on the one hand 
and of beauty on the other, which in theory at least we regard 
as attainable by one sex or the other. Moreover, in the 
animal as in the vegetable kingdom each individual conforms to 
the standard of its species, and the average for practical purposes 
may be regarded as the normal. To this law of nature, mankind 
is the outstanding exception, and he asks, must we for ever rest 
satisfied with a normal attainment which falls so far below our 
ideal standard ? 

Let it be granted at once that the comparison may be objected 
to on the ground that the terms are not similar, that the production 
of plant life may be conditioned, almost entirely at will, by the 
experimenter, of human life, never ; there remains the fact 
that despite a not inconsiderable knowledge of the circumstances 
on whjch healthy human life and development depend, it would 
only be by the most wilful exclusion of facts of every day 
observance were we to suggest that we have made any considerable 
advance towards realising them for many of our population. 

It is true that during the last half century, to go no further 
back, we have had side by side with the steady growth of town 
populations, a decline in their death-rates which has been not 
only simultaneous but continuous, and that these afford some 
ground for believing that we are learning something of the 
conditions under which populations may be massed, and yet some 
semblance of an approach to the conditions of healthy existence 
for the individual maintained. Here to a certain extent we are 
testing the truth of a doctrine by its results, and although it might 
be suggested that some part of these are dependent not on 
improved environment, but on an altered age constitution of the 
population which favours low death-rates,^ there is, I believe, solid 
ground for satisfaction in the advance which has been made. 
But the whole position of hygiene is being exposed to a new line 
of criticism, which is not only quite rational, but is of the highest 
practical importance. What, it is asked, lies behind this state- 
ment of reduced death-rates ? Are the 5,000 lives now saved 
annually in every million of the population by reason of the 
reduction of the death rate from 22 per 1,000 to 17 in the last 40 



The greatest saving has been effected in the mortality of childhood, and the 
proportion of children is getting smaller. 
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years, recruited in any large measure to the manhood of the 
country. Is their preservation in any sense a national gain, or are 
we preserving the weakling and inflating our population with a 
surplusage of inefficients ? Is it true, as has been suggested, that 
our reduced death-rate only means lives saved, and not also true 
that it implies a greater vitality for the remainder. The two 
propositions are essentially distinct, and I put them to you in this 
form because the following words of Mr Lecky in his work the 
" Map of Life " are deserving of the closest consideration. 

" There is, however," he says, " some reason to believe that the 
diminution of disease and the prolongation of average human life are 
not necessarily or even generally accompanied by a corresponding 
improvement in general health, ... an anaemic population free 
from serious illness, but living habitually at a low level of health, 
and with the depressed spirits and feeble capacity of enjoyment 
which such a condition produces, is far from an ideal state, and 
there is much reason to fear that this type is an increasing one. 
Many things in modern life . . . contribute to produce it, but 
two causes probably dominate all others. The one is to be found 
in sanitary science itself which enables great numbers of constitu- 
tionally weak children who, in other days would have died in 
infancy, to grow up and marry and propagate a feeble offspring. 
The other is the steady movement of population from the country 
to the towns. These two influence and powerfully tend to depress 
the vitality of a nation. Whether our improved standard of living 
and our much greater knowledge of sanitary conditions altogether 
counteract them is very doubtful." 

So far as the criticism is general only it might be suggested that 
the answer lies — as I have indicated — in the assumption of 
an improved hygienic status, which a decreasing death-rate in 
most cases connotes ; that where the general conditions result in 
the saving of some lives there is an associated higher level of 
healthiness attained by others who formerly were more accessible 
to disease. 

The importance of the question, however, is too great to be 
left to mere generalisation, and indeed, against this we are 
guarded by the specific illustration which has been afforded us by 
Sir Frederick Maurice.^ Two efficient soldiers out of five recruits 



A paper read before the Civic Society of Glasgow, November 1902. 
See also Contemporary Review ^ January, 1903. 
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is the picture which recruiting experience draws of the physical 
vigour of the ranks from which the army is drawn. Apply this 
figure to the unskilled labouring classes of our industrial popula- 
tion, and let us ask ourselves whether the cradle of an Imperial 
race is but a Statesman's dream. 

Still another aspect of the question has grown up in the recent 
enquiry into the physical conditions of school children, and while 
we await with eagerness the issue of the completed report, 
sufficient indication of its tenour has already been afforded in 
press notices, to stimulate anticipation that it will afford 
additional means by which the value of our decreasing death-rates 
may be tested ^ 

It may be suggested that the argument of the critic is estab- 
lished in the illustrations which he adduces. The reduction in the 
death-rate is conceded, but the contention is that the vitality of 
our populations is not improved. 

If the propositions appear at first sight contradictory, and yet 
both represent some element of ascertained fact, it were well to 
enquire whether the one may not also contain some element which 
will serve to explain the other. 

I have therefore thought that it may interest you, as Members 
of a Society, which, during a century of continuous work, has 
repeatedly devoted itself to a consideration of questions which 
are local only in the sense that the illustrations are drawn from 
the life which surrounds you, if I invite your attention for a little 
to some factors in our death-rate which may help us to find some 
common approach to the contradictory propositions which we 
have been considering. My illustrations are taken from the 
variations presented in the death-rates among several classes or 
groups of our population, when they are arranged according to the 
several sizes of houses which they occupied during the Census 
year, 1901. Should I fail to enlist your sympathy with the 
subject, I would urge you to remember that its importance 
should not be gauged by imperfections in the manner in which it 
is presented to you. 

Were it necessary to warn this audience against the errors of 
statistical inference, I should plead in defence of the limited 
time over which the rates have been calculated, the circumstance. 



^ Report of the Royal Commission on Physical Training (Scotland), I903» 
(since issued;. 
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that only once in ten years are they available on a similarly 
ascertained basis, and that the range of probable error therein 
can be more accurately estimated than were I to have assumed the 
constancy of a population-factor over a period of years, with the 
knowledge that its proportions are gradually changing, and 
especially that in one apartment houses it is decreasing. 

In dealing with the death-rate of large areas, it is customary, 
as you know, to subdivide the total population into groups, 
with the object of ascertaining variations in the rate, which 
might reflect differences in the sanitary surroundings of each ; 
and when we state the death-rate of Glasgow during last decade 
at 21*15 per 1,000, it is qualified by the knowledge that among 
the 33 sanitary sub-districts into which the City is divided, the 
rates range from 8 per 1,000 in Kelvinside, and 9 in 
Pollokshields West, to 31*8 in Brownfield, and 327 in 
Cowcaddens. It is right, however, to observe — although we need 
not linger over the fact — that variations in a death-rate may arise 
from circumstances not related to sanitation at all. The death- 
rate among male children under five in Glasgow, according to the 
New Life Table, was 86 per 1,000 living at these ages, and of 
female children 75, so that two populations, in which these 
formed a larger or a smaller proportion might have their death- 
rates increased or decreased without of necessity implying that 
their circumstances otherwise were different. 

And as children at these ages form only 6 per cent, of the 
population of Kelvinside and Pollokshields, but nearly 12 per 
cent, of the population of the City as a whole, we should have to 
make correction for these differences before comparing the district 
rates with that of the City. 

But in the present enquiry the endeavour has been, in the first 
place, to eliminate as far as possible the effect of external con- 
ditions, and to ask what part the house — considered simply as a 
place of residence — plays in the life history of its inmates, 
and to what extent its effect becomes an appreciable factor in 
the production of our death-rate. 

For this purpose I have taken the population of the City at 
last Census, and arranged it in groups, distinguishing between 
the numbers occupying one, two, and three apartment houses, and 
those of all other sizes, and against each group I have placed the 
deaths occurring during the Census year, 1901, and their 
equivalent rates. 
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The contrast here presented in Column 3, at once arrests 
attention. In a year in which the death-rate for the City 
was barely 21 per 1,000 — it is scarcely exceeded by that of our 
two apartment population (which forms 47 per cent, of the whole) 
and not measureably approached in the population occupying 
houses of larger size. Yet in this same year the rate among the one 
apartment population is 33 per 1,000, and this not in one district 
only, but calculated over nearly one seventh, (14*05 per cent.) of 
our population, distributed widely throughout the City. 

In houses of all other sizes taken together it only slightly 
exceeds 17, and barely reaches 19 per 1,000 when the Institu- 
tional and Shipping population and deaths are included with 
them.i 

It is scarcely necessary further to emphasise the. contrast, but it 
may help us to appreciate the volume of our population to which 
this excessive death-rate of 33 per 1,000 applies if I suggest a few 
comparisons. 

Taken collectively, in our one-roomed houses we have a 
population which in number exceeds that of any of the large 
town populations of Scotland, and among the principal towns is 
only surpassed by Edinburgh, Aberdeen, and Dundee ; it equals, 
in volume three times the combined population of our four worst 
sanitary districts, Cowcaddens, Port-Dundas, High Street and 
closes East, and Brownfield ; and in the year with which I am 
dealing the death rate was exceeded in only two of them, Brown- 
field and Cowcaddens.2 

It may well happen then that the contention of the critic that 
reduced death-rates are not necessarily or even generally 
accompanied by a corresponding improvement in general health, 
in reality nieans that the hygienic advance in recent years has 
been unequal, and that it has failed to reach no inconsiderable ' 
section of our town populations. If this be the case, it is of the 
most vital importance that we should realise it. 

Population Deaths 
^ I Apartment 104,128. 3,405, D/R p. 1,000, 327 
2 Apartment and upwards (in- 
cluding Inst, and Shipping,) 657,584. 12,253, „ i8*6 

City, 761,712 15,658 20*6 

2 In Brownfield with a population of 3,924, the death-rate in 1901 was 
40*4 ; and in Cowcaddens with a population of 18,206 the rate was 33.4 per 
1,000. 
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We need not take the figures as absolute factors. Extended 
, over a series on both sides of a Census year, there would most 
probably occur fluctuations in both directions, but the difference 
is sufficiently great to call for more detailed examination. 

But it may be advanced that the contrast which is here 
suggested is simply a fiction of figures, and that it represents no 
substantial fact which we can analyse and again reconstruct with 
the view of deducing some conclusions which may be of practical 
value. Can the number of deaths be verified, and is there not 
room for error in the several groupings of the population to 
which they are debited ? As some of you are aware the Registrar 
General states the proportion of population occupying one 
apartment houses at last Census in excess of the number here 
given owing to a different interpretation being placed on the 
term *' house. "^ 

His number of one apartment houses at last Census was 
42,623, and their population 123,866, while our local figure for 
houses is 32,709, and for population 104,128; but for the reasons 
indicated in the footnote I am disposed to regard the local 
statement as more accurately representing the numbers living 
under conditions of one-roomed occupancy. The question, 
however, is important only so far as it affects the probability of 
our death-rate being stated accurately. The Registrar General's 
method of classification has been uniform through several Census 
enumerations, our local method only since 1891. 

When Dr Russell considered the question on a similar occasion 
before this Society in 1885, he had, for lack of more precise infor- 
mation, to assume that the number of persons then occupying one 
appartments bore the same relation to the whole population as 
the Registrar General had shown to exist in 1881. Applied to 
the one apartment deaths of 1885, this population gave a rate of 
almost 27 per 1,000. If similarly we applied the Registrar 
General's figure for the 1901 proportion to the one apartment 
deaths of that year, we should still get a rate of 27.5, and might 
be disposed to conclude that absolutely no improvement had 



^ In classifying houses with regard to size and the number of persons 
occupying them the Registrar General regards as a ** house " the house- 
room occupied by a "family;" and a "family" may consist of a "lodger" 
occupying one or more apartments, e.g,^ A three apartment house in which 
there is a lodger occupying one room becomes in the Registrar General's 
table two houses — one of one and one of two apartments. 
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occurred during the interval, but rather the reverse. For several 
reasons this would, I think, be erroneous. Moreover, the local 
analysis of the 1891 Census showed that the proportion of the one 
appartment population had been decreasing, and that if applied to 
the 1885 estimate would have given a one apartment population of 
only 96,000. But as this would suggest that in the succeeding five 
years it was increased in numbers by 4,000, and again fell off 
during the following decade, by a corresponding number, I feel 
that it would be unsafe to construct any rate for 1885 on a similar 
basis to that which I have given for 1901. 

For the moment the question which presses is less the relative 
movement than the absolute range of our one apartment death- 
rate, and in this reference to the varying methods by which it may 
be estimated, there is nothing which in any way abates the 
gravity with which we must regard it. But before finally accept- 
ing it, one or two points demand consideration. 



QUESTION OF AGE DISTRIBUTION OF ONE APARTMENT 
POPULATION. 

What is the age distribution of our one apartment population ? 
Here, unfortunately, direct information is awanting, and we are in 
danger of travelling in a circle. Moreover the question is an 
important one, for it would be easy to construct an artificially 
arranged population, among whom a death-rate of 30 per 1,000 
might quite reasonably occur without attracting special attention. 
I have already referred to the disturbing effect of a varying pro- 
portion of children under 5 years of age. 

On the other hand it might be assumed, and indeed it has 
been suggested, that our one apartment population consists largely 
of widows or aged couples whose children have left the parental 
roof. The death-rate for males in Glasgow, at ages from 55 to 65 
is 45 per 1,000 (New Life Table), and of females from 45 to 55, 
it is 21, so that again, with the proportion of the sexes which we 
have in Glasgow, were these houses so occupied, a death rate 
approaching 30 per 1,000 could not be regarded as excessive. 
But a scrutiny of the age periods at which the deaths in one 
apartment houses occur, prevents us from assuming that they are 
occupied in excessive proportion by persons in advanced years, 
among whom a high death-rate might be expected. If we assume 
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that our one apartment population is similar in its age distribution 
to the average of the city, we shall be probably not very wide 
of the mark. 



TABLE II. 

GLASGOW, 1901.— DEATHS IN ONE APARTMENT HOUSES AT 
CERTAIN PERIODS OF LIFE WITH PERCENTAGE OF 
TOTAL DEATHS AT EACH AGE PERIOD, AND FOR COM- 
PARISON THE PERCENTAGE OF DEATHS AT THE SAME 
AGE PERIODS IN HOUSES OF OTHER SIZES EXCLUSIVE 
OF INSTITUTIONS, AND IN THE CITY AS A WHOLE, 



Agb Periods. 


Deaths in 
I Apt. Houses. 


Percentage of Total Deaths. 


I Apts.* 


2 Apts. and up.* 


Whole City. 


Under i, - 




i»093 


32.1 


21.8 


22.9 


I and under 


5, 


850 


25.0 


16.5 


17.8 


5 


i5» 


131 


3.8 


5.8 


5.1 


15 


20, 


37 


I.I 


2.7 


2-3 


20 ,, 


25» 


87 


2.6 


3.5 


31 


25 


60, 


760 


22.3 


30-3 


29.6 


60 and up, - 


— 


447 


13- 1 


19.4 


19.2 




3,405 


lOO.O 


1000 


lOO.O 



* Excluding Institutions and Harbour. 



If we confine our attention to the deaths occurring under 5 
years, the contrast which the columns present might arise from a 
larger proportion of children at this age among our one apartment 
population, or from a higher rate of mortality prevailing among 
them, but in either case it would be fatal to the contention that 
the excessive death-rate of the one-apartment population as a 
whole is to be explained by causes natural to advanced life. 
Moreover the figure which represents the number of deaths among 
infants (1093) has its significance increased by considering 
the proportion which they form of the total infantile deaths 
occurring in the City. In the year 1901 these numbered 3,602, 
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so that 30 per cent, of our infantile deaths occur among the 14 per 
cent, of our population who inhabit our one apartment houses. 
Apart from the operation of extraneous causes, this would require 
that the proportion of infants therein should be more than twice 
that of the City generally, which to say the least is unlikely 

ONE APARTMENT DEATH-RATES IN DISTRICT GROUPS. 

But if we fail to find any satisfactory explanation of the excessive 
death-rate of one apartment houses by assuming a special age 
distribution of their occupants, it may be suggested that a com- 
parison of the various district rates will bring into prominence 
contrasts similar to those with which we are familiar in other respects, 
and which in general serve to distinguish between those districts 
which are regarded as sanitary and those which are not. In other 
words, if the criterion to be applied is solely one of external con- 
ditions, which may be controlled by the provision of ample free 
space, modem structure, and the prevention of external sources of 
nuisance and of insanitary conditions generally, we should expect to 
find this reflected in an amelioration of the death rate to a degree 
when it would cease to be a subject of remark. It is frequently 
advanced, and under conditions I am disposed to agree — that 
life in one room may be passed as healthily as elsewhere. The 
point has an academic importance, but all of us can readily 
apprehend the reason for the difference in the chemical results 
when the comparison is made between the air of a space 
mechanically ventilated for experimental purposes, and a 
corresponding allowance per head of air space in a household 
wherein the daily requirements of family life must be performed. 
We may accept the theory, and even admit that under conditions 
its practical application is possible. Our object, however, for the 
moment is not concerned with either aspect, but as practical men 
to ask ourselves whether to any appreciable extent our one apart- 
ment houses are occupied healthily. It is to be remembered that 
a considerable proportion of them are of quite recent origin. Mr 
Nisbet, our Master of Works, was good enough some time ago to 
supply me with the number of such houses for which linings had 
been granted by Dean of Guild Court during the 10 years ending 
August 190T, and they numbered 5,665. As the total number 
existing on the night of the census in March was 32,709, we shall 
not very much overstate the proportion which the new houses form 
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by putting it at 17 per cent., and the majority of this proportion 
would be built under the Building Regulations Act of 1892. Of 
these new houses 3,45 1 were built in the police districts C and F 
which in general correspond with our Eastern Sanitary Districts 
(Calton, Bridgeton, Bellgrove and Dennistoun, and Parkhead), on 
the one hand, and with Springburn and Possilpark on the other. 
If I stated to you that the largest of these Eastern Districts, Bell- 
grove and Dennistoun, with a population of over 79,000 and a 
general death-rate of 19 in 1901, had in the same year in its one 
apartment population, numbering over 1 1,000, a death-rate of 36, 1 
should probably excite your surprise, but the ^atement would fail 
to convey to you any information as to the relative health value of 
the old and new house because I am unable to supplement it by any 
information regarding the proportion in which these exist in this 
district. As matter of fact, however, the bulk of the new one 
apartment houses in the Eastern District have been erected in 
Greenhead and Bridgeton, but here again in a one apartment 
population of 23,332, the death-rate is still 33 per 1,000. Again 
however, the proportions of new and old are awanting. But 
while we are unable to institute any comparison between one 
apartment houses on the lines which the Building Regulations 
establish, we may discover something of the effect attributable to 
external conditions by considering the variations in their death- 
rates in those districts which we regard as good or bad, as healthy 
or unhealthy, because of their high or low general death-rates. 

In a table^ which I had prepared to show this, the most striking 
feature, was the uniformly high level which these district rates 
presented, two only indeed showing a rate which was not in excess 
of the mean rate for the City, (/>., 20.7 per 1,000). But to this 
method of comparison objection might be taken that minute sub- 
divisions of population introduce variations which are avoidable in 
larger groupings, and accordingly I present to you five groups 
which between them comprise all the sub-districts. The basis on 
which this grouping proceeds is the level of the general death-rate 
of individual districts, and is as follows : — 

Group I. The average general death-rate of this group exceeds 
30 per 1,000. It is composed of the districts of Brownfield, 
Cowcaddens, Port Dundas, and High Street and Closes East. 



^ Appendix, Table A. 
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The lowest district death-rate of the group is 30 per 1,000 — the 
highest 36.4. The total house population is 33,642 ; the one 
apartment population 7,685, or 22.8 per cent. The death-rate in 
houses of all sizes (excluding Institutions and Shipping) is 
31. 1 per 1,000. Among the one apartment population it is 
41.2. 

Group II. The average general death-rate here exceeds 25 
per 1,000. The group consists of six districts, viz. : — High Street 
and Closes West, Calton, Bridgegate and Wynds, Barrowfield, 
Laurieston, and Gorbals. The lowest district rate is 25.8, the 
highest 29.3. The total house population is 81.855, the one 
apartment population 18.503, or 22.6 per cent. The death-rate in 
houses of all sizes is 25.8 ; in one apartment houses 35.9. 

Group III. The average general death-rate here exceeds 20 
per 1,000. The group consists of 8 districts, viz. : — Greenhead 
and London Road, Monteith Row, St Andrew's Square, St 
Erioch Square, St Rollox, Anderston, Kingston, and Hutcheson 
Square. The lowest district rate here is 20. i, the highest 24.7. 
The total house population is 230,264 ; the one apartment popu- 
lation 41,834, or 18.2 per cent. The death-rate in houses of all 
sizes is here 21.5 ; in one apartment houses it is still 30.5. 

Group IV. This group includes all the remaining districts of 
the Municipal area prior to the 1891 extension, viz. : — Bellgrove and 
Dennistoun, Exchange, Springburn and Rockvilla, Woodside, 
Blythswood, and Kelvinhaugh and Sandyford. The lowest district 
death-rate is 14.6, the highest 19 per i.ooo The total house 
population is 264,138 ; the one apartment population 28,564 or 
only 10.8 per cent. The death-rate in houses of all sizes is 17.8 
per 1,000 ; in one apartment houses it is again 33.1. 

Group V. This group consists of all the districts added to 
the Municipal area by the extension of 1891. The lowest district 
death-rate here is 8.3 per 1,000; the highest 17.9. The total 
house population is 133,380 ; the one apartment population 7,542, 
or only 5.6 per cent. The death-rate in houses of all sizes is 13.7 
per r,ooo; in one apartment houses 25.4. 

These gradations will be more readily appreciated if they are 
placed in tabular form, and in order to indicate the portion of the 
general death-rate contributed to each group by its one apartment 
population, I have recast the deaths and house populations of 
each, excluding those referable to one apartments. 

By an easy calculation this column can be made to show that 
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the death-rate in our worst district is raised 9 per cent by its one 
apartment population, and in the best within the older Municipal, 
area, by 1 1 per cent. 

TABLE III, 

TABLE SHOWING GENERAL DEATH RATE ; POPULATION IN 
ONE APARTMENT HOUSES AND THEIR PROPORTION Ta 
TOTAL HOUSE POPULATION IN FIVE GROUPS OF DIS- 
TRICTS ; AND ALSO DEATH-RATE IN ONE APARTMENT 
HOUSES IN EACH. 



GROUP. 


General Death Rate. 




One Apartment. 




In Houses 
of all Sizes, 
per 1,000. 


In Houses 
exclusive of i 
Apartments. 


Population. 


Per Centage of 

Total Population 

(exclusive of 

Institutions). 


Death-rate 
per x,ooo. 

41.2 


I. 


3I.I 


28.4 


7,685 


22.8 


n. 


25.8 


22.9 


18,503 


22.6 


35.9 


IIL 


21.5 


18.9 


41,834 


18.2 


30.5 


IV. 


17.8 


15-9 


28,564 


10.8 


33-1 


V. 


13.7 


13.0 


7,542 


5.6 


254 


City. 


19.5 


17.3 


104,128 


14.0 


32.7 



It will arrest attention here that the grading is interrupted by 
the one apartment death-rate of Group III., which is lower than 
that of the following group, although it has a higher general death- 
rate. Group IV. is composed of the districts with the lowest 
general death-rates within the old Municipal area. On the 
average of 3 years, 1899-1901, the death-rate of Kelvinhaugh and 
Sandy ford was 14.4 per 1,000 — the lowest of all — and the highest 
in the group is Bellgrove and Dennistoun, with a general death- 
rate in the S9me period of 19, yet with the favourable external 
conditions which these rates indicate the one apartment death-rate 
is 35. The room density, />., the number of persons per one 
apartment house is practically the same in both groups. It may 
be that some part of the difference depends on a larger proportion 
of young children in Group IV., but on this point no information 
is obtainable. 
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There is here then a suggestion of gradation which, however, 
depends chiefly on the relative positions of Groups I. and V. 
The rate in Maryhill, however, which contains 46 per cent, of 
the one apartment population of Group V., is 31 per 1,000, while 
its general death-rate during 10 years is only 17. But between 
them. Groups I. and V., only contain 15,227 of the one-room 
population, leaving 88,901 as the total one-roomed population 
within the old Municipal Boundaries save the 7,000 odd who 
inhabit the houses in the four Districts forming Group 1. 
Among those there is nothing approaching the gradations which 
the death-rates in houses of all other sizes display. Between 
Group II. with a death-rate in two apartments and upwards of 23, 
and Group IV. with a rate of 16, there is a difference of 30 per 
cent. — while between the highest and lowest one apartment 
death-rate in these groups the difference is only 14 per cent. 

So far then as such conceptions of environment as may be 
represented by external sanitary circumstances contribute to a 
low death-rate, these figures indicate that their operation is 
opposed by some other factor which has as yet escaped defini- 
tion. As I have said, the most striking feature in connection 
with the one apartment death-rate is that it is uniformly high. 
Of the 33 Sanitary Districts into which the City is divided, 
in 9 only does it fall below 30 per 1,000, and in four only is it 
lower than 25. None fall lower than the average general death- 
rate for the City. 

SOME FEATURES OF THE ONE APARTMENT DEATH-RATE. 

But you may ask of what elements is the death-rate composed ? 
Assume a community of over 100,000 persons with a death-rate 
over 30 per 1,000, in what direction would you look for proof 
that it arose from insanitary conditions. In other words, what 
are the tests of unhealthiness in populations. A high infantile 
mortality — excessive prevalence of zymotic^ and of respiratory 
diseases — a high diarrhceal mortality. Our one apartment com- 
munity complies with all these. It is true that we cannot state 
its infantile death-rate because the number of its births is 
unknown, but we have seen that little short of one-third (30 per 



^ 30 per cent, of the total deaths from Measles and Whooping Cough 
were in one apartment houses. 
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cent.) of the total infantile deaths in the City occur in one 
apartment houses. We also know that 31 per cent, of the total 
deaths under 5 years of age occur there, and if you refer again 
to Table I. you will see that its death-rate for zymotic diseases^ 
was 7.4 per 1,000 ; for Phthisis, 2.4 ; for Respiratory diseases 
(excluding Phthisis) 7.6 per 1,000, while the corresponding rates 
in two apartment houses were only 4.5, 1.8, and 4.6, and for the 
City 3.8, 1.8, and 4.3. Its diarrhceal deaths (appendix, table B) 
numbered 265, and formed 31 per cent, of the 861 whicb 
occurred in the City ; and its diarrhceal death rate was 2,545 per 
million contrasted with 890 in houses of all other sizes. 

Significant also are these other features which I quote to you 
without remark : — Of the total deaths occurring under 5 years of 
age, and uncertified because there had been no medical attend- 
ance, 42 per cent, occurred in one apartment houses: of the 
deaths of illegitimate children at the same ages in the City 38 per 
cent, occurred in our i roomed houses, and formed 10 per cent, 
of the deaths at these ages therein. The figures from which, 
these rates are obtained are given in the following Table. 

TABLE IV. 

GLASGOW, 1901.— TOTAL DEATHS UNDER 5 YEARS, WITH 
THE NUMBER AND PER CENTAGE OF THESE ILLEGITI- 
MATE AND UNCERTIFIED, IN HOUSES OF ONE APART- 
MENT AND IN ALL OTHER HOUSES, EXCLUSIVE OF 
INSTITUTIONS. 





X Apartment. 


Other Houses exclusive 
of Institutions. 


Total Deaths under 5 Years, 
Illegitimate, .... 
Uncertified, .... 
Percentage Illegitimate, 
Percentage Uncertified, 


1,943 

196 

112 

10. 1 

5.8 


4,310 

323 
156 

3.6 



There is evidence then that while our one apartment death-rate 
is excessive, it has also some of the features which contribute to 
persistence at a high level During the 18 years which separate 
the two periods in which we have obtained glimpses of its 
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magnitude, it has yielded only to a limited extent to the opera- 
tion of the forces which have helped to reduce the death-rate in 
houses of all other sizes by something like 20 per cent. It might 
almost be said to be refractory. Brownfield and Cowcaddens, 
-which alone of all' our districts maintain a general death-rate in 
excess of the City rate of 30 years ago, have a combined popula- 
tion of 22,000. Here is a population exceeding 100,000, with a 
<ieath-rate almost equal to theirs in extent and of even greater 
significance. 

With a death-rate which barely reaches 19 per 1,000, in all 
save one apartments, what ground is there for expecting that any 
marked reduction of our City rate will take place in the future, 
unless we can lay more effective siege to the causes on which our 
one apartment rate depends. 

I have said nothing of the part played in its production by the 
room-density in our one apartment houses, i.e., by the average 
number of persons in each. This is greater, as we know, than 
in our other houses; in the one apartments themselves it is 
greater in the suburban districts than within the older Municipal 
area, and District 3 1 (Possilpark and Barnhill) which stands third 
highest in order of density is third lowest in point of death-rate 
among houses of this class. Moreover, we know that in the large 
English cities with populations similar to our own, one apartment 
houses, in our sense of the term, scarcely exist in any appreciable 
proportion, yet their rates of general mortality usually exceed 
•ours. This fact alone would require to be explained before we 
-could accept the suggestion that the difference which we have 
found in their death-rates is dependent solely on the size of 
house. For after all is not the use to which the space is put 
quite as important as its extent? It would be contrary to my 
own knowledge and unjust to the many hundreds of families 
who live strenuous, cleanly, frugal, and God-fearing lives in our 
one apartment community, to suggest that one apartment houses 
are never occupied healthily ; the very knowledge but adds to the 
significance of the high death-rate which is present overhead. If 
we could compare the worst occupied one apartments with the 
best we should probably find as wide a variation as exists between 
the one apartments and the others taken together. The death-rates 
among our selected tenants in Improvement Trust and Workman's 
Dwellings Company Buildings attest this. But it is impossible 
to believe, with a tale of 33 deaths per 1,000 before us, that on 
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the average they are occupied healthily. And were reasons 
wanted, many lie ready to hand. But we should remember the 
physical restrictions which the one apartment imposes. It is and 
never can be anything else than more difficult to comply with the 
demands of healthy existence in them than in houses of 
larger size. In them the struggle is greater than elsewhere. And 
it is precisely among those who by education and training are 
least fitted to engage in the struggle that the demand falls. 

For the problem has its evolutionary or biological aspect, and 
the danger which attends the use of one apartment houses lies, I 
am disposed to think, less in the wilful violation by its occupant 
of any law of hygiene which he knows of than in his ignorance 
that any such exists. Were he in the mass to appreciate 
them as thoroughly as some undoubtedly do, then I venture to 
think our one apartment death-rate would cease to constitute a 
problem. 

It is of no little importance to ask how this is to be accom- 
plished. Despite the critic I am disposed to hold that improved 
hygiene does mean improved physical vigour. But our com- 
parisons show that a much larger number than we had probably 
been disposed to think are in some danger of being lost in the 
general advance. I have suggested that the question may have 
an evolutionary aspect. In this respect it is educational. If the 
one apartment requires not less but greater care to be healthily 
occupied, have we failed to keep this fact ever present to our- 
selves or to its inhabitant ? We use the term one apartment for 
convenience, but does it not represent rather a manner of life 
than a mode of occupancy ? We have many one-roomed tenants 
in houses of larger size — many also who in our one-rooms reach 
standards both of hygiene and morality which guard us against 
any such arbitrary distinction as the simple question of size 
entails. 

But in the main the term may be retained to indicate an 
elementary stage in civic development, a stage in which the Scrip- 
tural injunction to wash and be clean has but limited currency. 

In a pamphlet on the tenement house Legislation in New 
York, prepared for the Commission of 1900, by Mr Laurence 
Veiller, its secretary, I find the present law stated in the following 
terms : — "The owner of a tenement house was further required 
to thoroughly cleanse all the rooms and halls, stairs, floors, and 
windows, as well as the doors, walls, ceilings, privies, cesspools, 
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and drains of the house as often as the Board of Health might 
require." Further that, " whenever there should be more than 
eight families living in any tenement house in which the owner 
himself did not reside, there should be a janitor or house- 
keeper, or other responsible person living in the house, and 
having charge of the same, and it was left to the discretion of the 
Board of Health to decide when such janitor or housekeeper should 
be required J^ 

Then regarding the definition of a "tenement-house," I find 
it described as a building " which is occupied as the house or 
residence of three families or more living independently of each 
other, and doing their cooking on the premises ; or a building 
occupied by two families or more upon one floor, so living, and 
working, and having a common right to the public parts of the 
building, that is the halls, stairways, yards." 

It is always unsafe to discuss the value of a regulation apart 
from a knowledge of the special conditions which it was devised 
to deal with. It is still more unsafe to express an opinion as to 
its suitability in possibly differing circumstances. 

But the policy expressed in this Legislation is sufficiently dis* 
tinct from anything existing in this country, to make it well worth 
much careful enquiry. 

Recognising the conditions which are apt to become associated 
with a given kind of occupancy, the Legislature of New York 
places the burden of their prevention on the owner. He must 
not only keep the premises clean — under conditions he may be 
required to appoint a caretaker for the purpose. The tenant is 
not relieved from the penalty of misconduct, but the owner is 
held responsible for the misuse of his house. It is an education 
for the tenant in cleanliness, and for the owner in the duties of 
ownership. It may have disadvantages — an additional burden 
on the management of small-sized houses may affect the supply. 
But there is a discriminating power in the Regulation which would 
place the burden only on the misused tenements. Compared 
with this our method is simple in aim, if cumbrous in operation. 
With us the penalty lies only on the tenant — there is no restriction 
placed on allowing the misuse of living room, which can only be 
occupied with intelligence and care. 
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APPENDIX^TABLE A. 

(iLASGOW, 1901.— POPULATION AND NUMBER OF DEATHS 
FROM ALL CAUSES IN HOUSES OF ONE APARTMENT IN 
EACH SANITARY DISTRICT. 



District. 


Population. 


Deaths all Causes. 


Death-rate per 100,000. 


B 


826 


27 


3,269 


I 


2,174 


45 


2,070 


2 


1,019 


34 


3,337 


3 


1,819 


61 


3.353 


4 


2,342 


61 


2,605 


5 


11,371 


420 


3,694 


6 


1,462 


42 


2873 


7 


15*426 


472 


3,060 


8 


7,906 


292 


3,693 


9 


542 


19 


3,506 


10 


623 


13 


2.087 


II 


4,790 


187 


3,904 


12 


220 


9 


4,091 


13 


409 


22 


5,379 


14 


736 


19 


2,582 


15 


6,819 


233 


3,417 


16 


4,795 


219 


4,567 


17 


1,119 


38 


3.396 


18 


5.174 


179 


3,460 


19 


3,926 


136 


3,464 


20 


1,382 


53 


3,835 


21 


13,581 


387 


2,850 


22 


1,870 


62 


3,316 


S. &R. 


6,255 


183 


2,926 


23 


1,160 


26 


2,241 


24 


lOI 


— 


— 


25 


62 


— 


— 


26 


65 


— 


— 


27 


78 


— 


— 


28 


17 


— 


— 


29 


18 


I 


— 


30 


3,467 


loS 


3,115 


31 


2,574 


57 


2,214 


Totals, 


104,128 


3,405 


3,270 
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APPEND7X---TABLE B, 

GLASGOW, 1901.— DEATHS IN ONE APARTMENT HOUSES FROM 
CERTAIN CAUSES AND ALL CAUSES. 

DISEASE. NO. OF DEATHS. 

Smallpox, -.-.--- 44 

Diphtheria and M. Croup, - 15 

Scarlet Fever, ...... 12 

Typhus and Undefined Fever, ... 2 

Enteric, 28 

Measles, ... - - - 148 

Whooping Cough, - 257 

DiarrhcEa, 265 

Septic Diseases, 33 

Phthisis, ....... 247 

Other Tubercular Diseases, .... 229 

Cancer (Malignant Disease), ... - 48 

Diseases of Nervous System, - - - . 239 

Diseases of Circulatory System, - - - 168 

Croup and Respiratory Diseases, - - - 792 

Violence, 99 

Premature Birth, ..--.. 141 

All Other Causes, 638 

Total, - - - 3,405 



APPENDIX— TABLE C, 

GLASGOW, 1901.— DEATHS FROM ALL CAUSES FOR EACH 
MONTH OF THE FIRST YEAR OF LIFE IN ONE APART- 
MENT HOUSES. 

Under i month, 337 

1/ 2 n .... - 108 

" Z " 91 



4 " 63 

5 " 61 

6 /' 53 

7 69 

8 " 53 

9 // 60 

10 '/ 78 

11 ' 53 

12 „ 68 



536 



177 



380 



Under i year, - - 1,093 

137 of the Deaths under i month are from Premature Birth. 
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IX. — The Building of t/ie Grampians. By Peter Macnair, 
Keeper of the Natural History Collections in the Glasgow 
Museums, Joint Secretary of the Glasgow Geological Society. 



[Read before the Society, 17th December, 1902.] 
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I. — Introduction. 

The Grampians may be defined as that part of the Scottish 
Highlands forming the high grounds of Aberdeenshire, Kincardine- 
shire, Forfarshire, Perthshire and Argyllshire, and which rising to 
an average elevation of from 2,000 to 3,000 feet above sea level 
reaches in Ben Nevis at their western extremity an altitude of 
4,406 feet. Strictly speaking the Grampian range is thus confined 
to the southern portion of that part of the Highlands included 
between the Highland frontier on the east and the line of the 
Caledonian Canal on the west. But in this paper it will be 
necessary for me to refer to the geological structure of the whole 
of the area lying between these two boundary lines. 

The southern boundary of the area under notice may be taken 
as an almost straight line stretching from the Firth of Clyde on 
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the west, to Stonehaven on the east, and passing through the 
islands of Arran and Bute, thence from near Toward Castle across 
the eastern point of Roseneath peninsula, by Helensburgh across 
Loch Lomond, thence north-eastwards by Balmaha, Aberfoyle, 
Callander, and Comrie to Stonehaven. This is an important 
geological as well as geographical line, as to the north-east of it 
we have the Highland schists which constitute the major part of 
the Grampians, and form the immediate subject of this paper, 
while to the south-east of this line are a much younger set of 
Palaeozoic rocks, faulted down against the schists. The northern 
boundary stretches from the Firth of Lome on the west, along the 
line of the Caledonian Canal to Inverness on the east, and like 
the southern boundary is also a line of fault. 

A glance at a good topographical map will at once convey an 
idea of the general physical character of the area under notice ; 
thus the valley systems will be found to fall naturally into two 
classes, namely, the longitudinal and transverse, the former lying 
parallel with the general trend of the mountain chain, the trans- 
verse crossing the longitudinal valleys in direction approximately 
at right angles. As examples of the longitudinal valleys I 
might cite Loch Fyne, Loch Awe, Loch Long, Loch Rannoch, 
Loch Earn, and Loch Tay; and, as examples of the transverse type, 
Ix)ch Striven, Loch Eck, Loch Lomond, the course of the Tay 
below Ballinluig, also, further to the east, the valleys of the 
Ardle, the Isla, the Shee, and the Esks. 

In the concluding part of this paper we will see how the 
orientation of the Highland valleys is intimately associated with 
its geological structure ; in the meantime, we may look upon the 
area under notice as a great level plateau deeply indented with 
valley systems belonging to the two orders just described. 

I ought, however, to explain here the use of the term plateau 
in describing what is generally looked upon as a mountainous 
country, and this may best be done by supposing that we have 
taken our stand upon one of the higher summits of the Grampians. 
On looking round we will at once be struck by the remarkable 
uniformity of level to which all the mountains rise, there is no 
great outstanding peak or series of peaks dominating the rest, but 
one dead uniformity of level to which all the mountains rise ; so 
that if we could imagine all the intervening valley systems filled 
up we would have a great plain rising to a uniform level of about 
3,000 feet above the sea. The origin of this plateau will fall to 
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be described later on, meanwhile, I indicate its existence to 
enable you to better conceive what is the true physical character 
of the ground under notice. 

As already stated, the mountains of the area under 
notice rise to an average elevation of from 2,000 to 3,000 feet, 
quite a number, however, exceed the latter altitude. Thus in 
the Aberdeenshire range we have Cairntoul, 4,241 feet, Ben 
Muich Dhui, 4,298 feet, and Cairngorm, 4,084 feet. In central 
Perthshire we have Shichallion, 3,547 feet, Ben Lawers, 3,984 feet, 
and towards the confines of Argyllshire, Ben More, 3,843 feet, 
and Ben Lui, 3,708 feet, along the Highland frontier, Ben 
Lomond, 3,192 feet, Ben Vorlich, 3,224 feet, and Ben Chonzie, 
3,048 feet, while at the north-west end of the mountain chain, Ben 
Nevis, the highest of them all, reaches an altitude of 4,406 feet. 

The Grampians thus occupy a very subsidiary position as 
regards height in the great mountain ranges of the Globe, but we 
shall see that what they sacrifice in height they gain in antiquity ; 
and it is because of their great age that they occupy such a minor 
place amongst the mountains of the Globe. For instance, it is well 
known that the Grampians are of a much higher antiquity than 
the Alps, and so, having been exposed for a much longer period 
to the scalpel of denudation, they are now little more than the 
basal wreck of such a great mountain chain as the Alps. 

Another characteristic topographical feature of that part of the 
Highlands with which I am dealing is the existence of numerous 
fresh-water lakes, occupying deep basin-like hollows either in the 
longitudinal or transverse valley systems. As was long ago pointed 
out, these basins do not correspond to great fractures in the earth's 
crust, but are rather deep basin-like hollows, which have been 
excavated in the solid rock, most probably by glacier ice. The 
numerous sea lochs which indent the western portion of the area 
are evidently but submerged rock basins, having the same char- 
acter as the fresh- water lakes of the land. 

A comparison of the Grampians with such a mountain chain 
as that of the Alps will at once bring out the important physio- 
graphical differences which characterise the two areas, yet 
notwithstanding these differences, a closer examination of the two 
areas will reveal the fact that their structural characters are 
essentially the same, and that their external differences are simply 
owing to the prolonged denudation to which the Scottish 
mountains have been subjected. The object of this paper then 
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is to bring out the striking similarity which the writer believes^ 
there exists between the structure of the Grampians on the one 
hand, and the Alps on the other, and to show that the laws which 
have governed the production and development of the mountain 
structures to be seen in the Grampians, have been identical with 
those which have operated in the building of the Alps. 

In the great geanticlinal of the Alps, as has been established by 
the investigations of such geologists as Studer, Lory, Favre, and 
Heim, the original horizontal strata have been thrown into a series 
of minor folds, which accompany the main fold or major uplift of 
the region. These minor folds present certain definite features 
according to the intensity of the lateral pressure which produced 
them. Thus, where the lateral pressure has been comparatively 
slight, the strata will be found to be bent into a series of simple 
anticlines and synclines, which become flatter and flatter as we 
proceed outwards from the centre of disturbance ; but with an 
increase in the intensity of the pressure the synclines and 
anticlines become compressed into narrower folds, and the 
original horizontal extent of the beds is much reduced; with 
this diminishing horizontality there is an increase in height, and 
the whole series of minor folds have a tendency to rise upwards 
along an axial line or anticlinal axis, producing what is known 
as a mountain range, " the major fold forming the crest, and the 
harmonic minor folds constituting the flanks of the range." 

Towards the outskirts of such a mountain range of elevation 
the folded strata will generally be found to be arranged in a 
simple series of anticlinal and synclinal folds, they being of two 
kinds, major and minor, the major folds consisting of a series of 
minor folds. As we proceed towards the centre of such a 
mountain range of elevation, it will be found that the effect of 
the lateral thrust and counter thrust, along with the pressure of 
the superincumbent strata, is to press the upper part of the 
mountain folds towards the base of the mountain range, and con- 
sequently the plane surface which lies between the axial line and 
the summit line of a ridge, or the bottom of a trough which is 
vertical in the case of a symmetrical uplift, is forced out of the 
vertical and made to dip towards the centre of the range, and the 
strata forming the septum of each wave become inverted. This 
occurs on each side of the main axis, and gives rise to the well- 
known fan-structure which characterises mountain ranges of the 
Alpine type. 
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In the Alps this particular structure has been repeated several 
times, thus forming a series of central ridges having a fan-shaped 
structure. At an early period in the history of Alpine geology, 
these great central massives were regarded as simple arches, but 
principally through the researches of the geologists just mentioned, 
it has been shown that these structures are much more complex 
than was at first supposed. In crossing the Alps from north to 
south, starting from the Lake of Lucerne, and crossing to the 
plain of Lombardy, we traverse three mountain ranges having this 
fan-shaped structure, including that of Mont Blanc, St Gothard, 
and the Aar. 

Each of these central massives then corresponds to a maximum 
area of uplift, so that the present configuration of the Alps bears 
upon it the impress of the upheaving forces, hence they may be 
considered as true mountains of elevation in contradistinction tou 
the Grampians which, as I have already stated, have been dug 
out of a comparatively level plateau, and which have been 
termed by geologists, mountains of circumdenudation. 

From what has been said, it will be seen that the Grampians 
present quite a different physiographical aspect from such a 
mountain system as that of the Alps. In the Alps we have no 
such plateau as I have just shown exists in the Grampians. 
The great Alpine axis corresponds to a true line of upheaval in 
which we can still trace the effects of crustal movement in 
mountain building, and the plication of the strata into a series 
of great dominant ridges. 

Nevertheless in a subsequent part of this paper I shall attempt 
to bring out the intimate relationships which exist between the 
structure of the Alps and the Grampians. I hope in fact to be 
able to show that the structures to be seen in the two areas are 
identical. 

Up to the present moment it has generally been supposed by 
Scottish geologists that the geological structure of the Highlands 
of Scotland is comparatively simple, and has been paralleled 
rather with that of the Jura than with the central Alps. This has 
been largely owing to the writings of Murchison and Geikie, 
who, in their now exploded theory of the structure of the High- 
lands, attempted to show that in this area we had a succession of 
quartzites, limestones, and schists, thrown into a series of com- 
paratively symmetrical anticlinals and synclinals. In the last 
edition (1901) of the "Scenery of Scotland," we find the ridge 
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between Glenlyon and Loch Tay represented by exactly the same 
diagram as that which appeared in the first edition (1865); and 
though the author says that the structure is not so simple 
as represented in the diagram, yet at the same time we 
get no hint as to the exceeding complexity of the structure ; we 
are left in fact to suppose that we have here a comparatively 
simple arch or trough, whereas the tendency of recent investiga- 
tion has been to show that we are here actually upon the great 
backbone of the Highlands, what was originally the major fold in 
the Grampian geanticlinal. I think that it is time that this 
moribund section should have disappeared from the " Scenery of 
Scotland," and I trust that when the next edition appears it will 
be replaced by a diagram representing more adequately the true 
structure of the ground.^ 

In his " Ancient Volcanoes of Great Britain " we find Sir 
Archibald Geikie expressing similar views regarding the simplicity 
of the geological structure of the Highlands. Again the 
same geologist says, though greatly plicated, dislocated, crushed, 
and metamorphosed, these rocks can be recognised as 
unquestionably in the main of sedimentary origin. They 
must be many thousands of feet in thickness, including 
amongst their members such rocks as conglomerate pebbly grit, 
quartzite, black slate, phyllite, mica schist, fine flaggy gneiss, and 
limestone, together with intrusive sheets and bosses of various 
eruptive rocks. Some of the groups of this series can be 
followed for long distances with nearly as much ease as the 
members of a succession of unaltered Palaeozoic or secondary 
formations. Here again we see the same conception of the 
simplicity of the structure of the Highlands, and of the con- 
sequent enormous thickness of the rocks which such a view 
involves ; no attempt is made to apply the principles of mountain 
building developed by Heim and Lapworth to this area, and as 
these geologists have pointed out, that an apparent simplicity of 
structure may often mask the true tectonic arrangement of the 
strata in highly convoluted mountain regions, propose to 
show that in the Grampians this apparent simplicity is more 



^ I speak somewhat strongly on this point as the most recent research tends 
to show that this section is both stratigraphically and structurally misleadinj^. 
The quartzite series ought to overlie the schists of Ben Lawers, and the 
character of the folding is such as to render the synclinal arrangement of the 
beds highly improbable, if not impossible. 
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apparent than real, and that in fact the structure of the Highlands 
and its manner of development is closely analagous to such a 
mountain chain as the Alps. 

It is my intention then to show that notwithstanding the long 
period of time which has separated the building of the Grampians 
and the Alps, the phenomena connected with their respective 
upheavals have been essentially the same; and though we 
might be inclined to suppose that in the early times, when the 
Grampians were upheaved, there may have been some important 
difference in the thickness or condition of the earth's crust which 
would tend to modify the development of the mountain structures, 
yet I think I shall be able to "prove that this has not been 
the case, and that the forces which have developed the tectonic 
arrangement of the strata seen in our Scottish Highlands have 
operated in exactly the same manner as they have done in much 
later geological times, and as they are probably doing at the 
present day. 

The earlier students of the Grampians supposed that the rocks 
of which they are formed had been laid down in some primeval 
oceans under conditions which could only have existed, when as 
yet our globe was encased in a thermal ocean, and accounted for 
the crystalline character of the schists, by supposing that they 
had been precipitated in a liquid condition from that ocean. In 
a like manner, the investigators of their physical structure have 
been led to propose special and often complex theories to account 
for the structures which they have observed in them ; but, in 
both cases, these positions have now been abandoned, and the 
doctrine of uniformity has again gained a brilliant triumph. 
On the one hand, we find that the sediments, out of which the 
Grampians have been built, were deposited in exactly the same 
manner as the sand upon the sea shore at the present day ; and, 
on the other hand, the complex mountain structures, which they 
exhibit, have been developed according to those principles of 
mountain building, which have prevailed, so far as we know, 
all through geological time. 

II. — Some salient points in the History of Opinion con- 
cerning THE Structure of the Grampians. 

Passing over the very earliest opinions concerning the structure 
of the Grampians, in which it was supposed that the crystalline 
schists were arranged in simple anticlines of elevation around a 
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central core of granite, I may however note that, as far back 
as 1819, Macculloch,^ that pioneer in Scottish geology, pointed 
out for the first time the opposite direction of the dips in the 
schists of Kintyre, where the beds of micaceous schists on the 
eastern shores have an eastern dip, while those on the western 
shores dip in an opposite direction. This observation is of great 
interest as it is really the earliest notice which we have of the 
structure of this part of the Highlands. At a later period 
Murchison- also noted a similar direction of dips, and refers to the 
existence of an anticlinal fold at Loch Eck. 

In 1852, Daniel Sharpe^ published in the Philosophical Transac- 
tions, a memoir on the arrangement of the foliation and cleavage 
of the rocks of the north of Scotland. In the paper he en- 
deavoured to show that the foliation planes were arranged in 
great arches; according to his view, the dip of the foliation 
gradually increased as we proceeded from the centre of the arch 
across the strike of the foliation. Between each of these arches 
of foliation, there existed areas in which the foliation was some- 
what irregular ; he compared the areas between the perpendiculars 
which bounded the arches of foliation with the fan structures 
seen in the Alps ; but he considered the arches to be the essential 
features in the structure of the Grampians, while the fan-shaped 
form should be regarded as of minor importance. I quote the 
paragraph in this connection, "The perpendicular planes of 
foliation frequently run along important ridges of hills, which has 
brought them into notice, while the lower and flatter central- 
portion, in which the general arrangement is disguised by the 
contortions, have attracted less attention." Hence, several 
geologists have mentioned the fan-like or radiating structure in 
the metamorphic schists of the Alps, in which the folia in the 
central crests are vertical, and on the flanks inclined inwards. 
But it has been overlooked that the fan- like form is produced by 
combining portions of two adjoining arches ; an inspection of the 
sections will convince every one that the arch is the figure of real 
importance in the arrangement, and that the fan-shaped form only 
catches the eye when seen without the rest of the figure. 

^ Western Islands of Scotland (Macculloch, 1859) vol. ii., page 288. 

'^ Quart. Journ. GeoL Soc.^ vol. vii., page 169. 

'^Philosophical Transactions ^ vol. cxlii., page 445 (1852) with a coloured 
map of Scotland and sections. 
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Sharpe identified foliation and cleavage as one and the same, and 
considered that they had been produced together and by the 
same cause. 

In a traverse across the Highlands, Sharpe recognised at least 
five great anticlirials or arches of foliation. Into a detailed 
description of these, I need not enter here, I may, however 
note, that he recognised the existence of the anticlinal axis seen 
in Cowal, and previously referred to by Macculloch and Murchi- 
son, and he considered it as a true arch in the foliation. It also 
ought to be noted, that he recognised the fan-shaped structure of 
Ben Lawers and the ridge north of Loch Tay ; this being formed, 
according to his view, by the meeting of two arches of foliation, 
the centre of the southern one running through Loch Tay, and 
that of the north running to the south of Loch Ericht. Sharpe 
considered the contortions seen in the gneiss and mica schist to 
be much more complex than any that occurred in ordinary 
stratified rocks, and he thought that they could only have been 
produced when these rocks were in a semi-fluid state, which 
would admit of the mineral constituents crystallising freely, and 
also of their being folded to any extent without being ruptured. 
From this, then, it will be seen, that he did not recognize the 
sedimentary origin of the great bulk of the Highland schists, 
referring all the divisional planes seen in them to foliation which 
had been produced in the manner described above. We have 
given a somewhat lengthy account of the views advanced by 
Sharpe as to the structure of the Grampians, as it will be found 
that his views regarding the arrangement of the foliation in great 
arches have been, in part, recently resuscitated by the officers of 
the Geological Survey in their memoir upon the Cowal region. 

In i860 Jamieson^ described in greater detail the anticlinal axis^ 
which, as we have already seen, had been observed by Macculloch, 
Murchison, and Sharpe, as passing down the centre of Cowal, he, 
however, followed the views which were then becoming prevalent, 
and considered the schists to be mainly of sedimentary origin, the 
foliation planes coinciding with those of stratification ; consequently 
he looked upon the great anticlinal axis of Cowal as being a true 
arch in the bedding. He correlated the phyllites of Dunoon and 
the Firth of Clyde with those of Loch Fyne, the core of the anti- 



The Geological Structure of the South-west Highlands, Quart. Jonrn. 
Geol. Soc. (i860), vol. xvii., page 133. 
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<:linal axis being formed by a group of more arenaceous beds seen 
at Ben a Capuill near Tighnabruaich. He supposed this axis to run 
through the Southern Highlands for a long distance, passing by 
the head of Loch Lomond, and being prolonged into the valley 
of the Tay, where he observed it on the same line of strike at 
Aberfeldy. 

In 1 86 1 Murchison^ and Geikie described certain sections 
across the Grampians with reference to the supposed succession 
of the rocks of north-west Sutherlandshire. They believed that 
the southern and central Highlands were overlaid by a great series 
of quartzites, limestones, and schists, the representatives of these 
seen in the north-west, and that they always bore the same relative 
position to one another, namely, the quartzites at the base followed 
by limestones, and the whole overlaid by schists supposed to be of 
Silurian age. In this paper the sedimentary origin of the schists 
is maintained, and the coincidence of the foliation planes with the 
original bedding is also vigorously advocated ; the Cowal anticline 
is supposed to be a true anticline of the bedding, and the fan- 
structure of Ben Lawers is looked upon as being a great syncline 
or trough, in which the schists above the Loch Tay limestone are 
correlated with the eastern schists of Sutherlandshire, while those 
below the Loch Tay limestone are supposed to be the equivalents 
of the Silurian quartzites of the north-west. 

It is somewhat important to remember here that two definite 
axial lines of folding had already been noted as existing in the 
Grampians, namely, the anticlinal ridge of Loch Tay, with the 
corresponding syncline or trough to the north of Ben Lawers, 
and the anticlinal ridge of Cowal. Up to the present moment, with 
certain minor modifications, this is still generally believed to be 
the true interpretation of the structure of these parts of the area 
under notice. The object of this paper is to show that exactly 
the reverse holds good, that instead of the ridge to the north of 
Loch Tay representing a syncline or trough, it is really upon the 
great central axis of uplift or upheaval in the Grampians, and 
instead of a great anticlinal axis passing down the centre of Cowal, 
it is actually upon the position of a great syncline or trough. 

In 1863 the next contribution to the study of the Grampians 



^ The Altered Rocks of the Western Islands of Scotland and the North- 
western and Central Highlands, Quart, /ourn, Geol, Soc, (1861), vol. xvii. 
p. 171. 
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appeared from the pen of James Nicol,^ that prince of stratigraphers, 
and was in many respects as I have elsewhere pointed out, the 
most far-seeing paper which has as yet been written upon the sub- 
ject. He entirely discarded the hypothetical views of Murchison, 
Geikie, and Harkness. Taking a series of sections across the 
Highland frontier, he noted the occurrence in them all of a regular 
order of clay slates, grits, greywackes, and quartzites. He also 
remarked the reversal of dip from south-east to north-west as he 
proceeded from west to east across the Highland frontier, and 
arrived at the conclusion that the slates along the Firth of Clyde 
were in their normal position overlying the schists of the interior, 
whereas those further east, as in Perthshire, with a north-east dip, 
and thus apparently underlying the schists of the interior, did not 
really do so, their position being due to a reversal of the beds. 
He correlated the dark slates of Glenshee with similar rocks seen 
along the Highland frontier, as, for instance, the black shales seen 
in the Kilmahog quarry at Callander ; and as he clearly saw that 
the dark shales of Glenshee (the graphitic schist of our Upper 
Argillaceous Zone) overlay the mica schists and grits of the frontier 
Highlands, it seemed to further strengthen his contention that at 
Kilmahog they must be in a reversed position. It is somewhat 
interesting to note that he appreciated the comparatively unaltered 
aspect of the Kilmahog shales, thus he states when speaking of the 
section seen in the Leny quarry, that both the texture and colour of 
the limestone, and the black carbonaceous-looking shales associated 
with it, remind us rather of the Carboniferous formation than of 
a primary deposit. 

As will be seen later on, I have been gradually driven to the 
conclusion that though the Upper Argillaceous Zone has a strong 
lithological similarity to our lower Argillaceous Zone, yet they 
must be recognised as two distinct horizons in the Highland 
schists, separated by a considerable thickness of rocks; the 
relationship of the problematical group of beds seen along the 
Highland frontier, and believed by the Geographical Survey to be 
of Arenig age, will be considered later on. From what has been 
said it will be seen that I differ from Nicol in the reading of the 
relationship of the slates seen along the Highland frontier to the 
mica schists seen to the north, as I maintain that the Perthshire 

1 The Altered Rocks of the Western Islands of Scotland and the North- 
western and Central Highlands, Quart. Journ, Geol. Soc. (1863), vol. xix., 
p. 180. 
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slates are really in their normal position, while they are reversed 
along the Firth of Clyde. 

Nicol also pointed out the existence of the highly contorted belt 
on both sides of Loch Long, and strenuously maintained that the 
central Highland quartzites belonged to a horizon higher than the 
schists seen further to the south, and did not underlie them as had 
been maintained by Murchison and Geikie. In connection with 
this we quote his own words, "At the Leeds meeting of the 
British Association in 1858, I also brought forward sections 
proving that *in the central region of Scotland, from Aberdeenshire 
to Argyllshire, the great formation of gneiss with limestone and 
quartz rocks overlies the mica-slate, and does not dip under it as 
usually represented. In particular the gneiss, of the Blackmount 
and Breadalbane Highlands appears to form a wide synclinal 
trough, resting on both sides on mica-slate, and thus to be an 
overlying and younger formation.' Although these views differed 
widely from those then entertained by the highest authorities in 
Scottish geology, I have as yet seen no reason to recede from 
them." Undoubtedly this paper of Nicol's was the finest 
contribution of that time to the solution of this difficult problem, 
and it ought not to be forgotten by Scottish geologists that he had 
already grasped the true succession of the Highland schists, 
placing the central Highland quartzites and gneisses above the 
mica-schists of the frontier, and not beneath them as had been 
done by Murchison, Geikie, Harkness, Jamieson, and Ramsay. 

The great names of Murchison and Geikie so overshadowed the 
geological world that their "Conquest of the Highlands" was 
supposed to be complete. For a period of over twenty years their 
interpretation of the geological structure of the Grampians 
remained unquestioned, and Nicol died without seeing his great 
•claims made good ; but a renaissance was at hand. In 1883, 
Professor Lapworth^ published a series of papers on " The Secret 
of the Highlands," in the "Geological Magazine," in which he vindi- 
cated the views that had been arrived at by Professor Nicol with 
regard to the structure of the north-west Highlands, and thereby 
destroyed the general theory of the structure of the Grampians 
advanced by Murchison and Geikie. This paper marks a new epoch 
in the study of the Scottish Highlands, and it will be necessary 
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for me to examine its contentions somewhat closely, and to refer to 
it on many occasions in the course of this paper. 

Besides examining in detail the structure of the north-west High- 
lands, Professor Lapworth gave a summary of the views that had 
been arrived at by Professor Heim regarding the structure of the 
Alps and its manner of development, pointing out their bearing 
upon the general priniciples of mountain building. His examina- 
tion of the north-west area led him to the conclusion, that in 
the Scottish Highlands we have structures in every way identical 
with those described by Rogers, Suess, Heim, and Brogger in 
extra-British mountain regions. In his resume of Professor 
Heim's views concerning the structure of the Alps we have a 
concise account of how the principal mountain structures have 
been developed in that region. As Professor Lapworth had not 
however examined that part of the Scottish Highlands, including 
the one now under discussion, he was not therefore able to apply 
those principles to the elucidation of the structure. 

It seems to me that if those principles of mountain building be 
applied to explain the structures seen in the Grampians, it affords 
a satisfactory and complete explanation of them. In the 
Grampians we have simply the basal wreck of such a mountain 
chain as the Alps ; nevertheless, as I have already said, the 
structures are essentially the same ; owing to prolonged denudation 
these structures are not so conspicuous as in a younger mountain 
chain, and consequently have eluded detection for a much longer 
period. Professor Lapworth has in his paper very clearly shown 
how a series of complicated fan-shaped structures, and compli- 
mentary troughs, may eventually, after they have been planed down 
by denudation, give the appearance of a series of simple anticlines 
and synclines, the complex fan structure being on the one hand 
like a simple trough, and the equally complex synclinal appearing 
as a simple anticline. This I will discuss later on in more 
detail, and show its application to the Grampian mountains. 

About five years ago the Geological Survey of Scotland^ issued 
their first important contribution towards the study of the 
crystalline schists of the Highlands, in their memoir upon the 
geology of Cowal, and it is somewhat striking to note that instead 
of following up the classic researches of Heim and Lapworth 
upon mountain building and the development of mountain 

^ Geology of Cowal, Mem. Geol. Survey, 1897. 
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structures, a reversion, at least in part, was actually made to the 
views advanced by Sharpe in 1852. 

It is beyond my purpose to examine in detail the somewhat 
complicated theory which has been advanced by the officers of the 
Survey, to account for the structures seen in this region; still, 
coming as it does from such a quarter, it is entitled to our greatest 
respect, and cannot be dismissed without our most careful 
examination, more especially as I find that no modification has 
yet been made of the views advanced in that work, while I also find 
Dr John Home, the head of the Scottish Survey, advancing and 
endorsing them in a communication on the geology of the Clyde 
valley, contributed to the British Association Handbook published 
in Glasgow last year. 

As these views are diametrically opposed to those which I 
have been gradually led to entertain regarding the origin and 
development of the structures seen in the southern Grampians, it 
is thus necessary that I should make a somewhat critical exam- 
ination of the theory advanced by the officers of the Survey. 

In chapter viii. of the Cowal Memoir, Mr C. T. Clough, 
discusses the physical structure of the schists in the area under 
notice, and at the end of the volume a diagrammatic section across 
Cowal, between Innellan and Glendaruel, is given. So far as I 
have been enabled to understand the views advanced, the following 
may be considered as a fair summary of them. 

(i) We have in this region a true arch of early foliation. Later 
foliation and other structures have been developed together with 
it, but the most prominent foliation of the district, and an 
enormous amount of folding of the same age as this foliation were 
already in existence before it, and were folded by it. 

(2) This anticline of foliation cannot be an exact or simple 
anticline of bedding, it should rather be looked upon as an 
anticline of the limbs and axes of the early folds which affect the 
bedding. 

(3) A detailed comparison of the schist zones seen on each 
side of the great central axis of foliation has led Mr Clough to 
suppose that there is a great folding of pre-anticline age, which, 
roughly speaking, counterbalances the effect of the anticline, and 
that there has been here an important early syncline. 

The relationship of this early syncline in the bedding to the 
anticline of foliation may be better understood by a study of the 
section at the end of the volume, and to which I refer the reader. 
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The dotted line represents the axis of the original syncline in the 
bedding, the centre of the anticline of foliation being placed a 
little to the north-west. The original syncline in the bedding is 
thus lying in a recumbent position with its axis hading towards 
the south-east. The beds seen near the centre of the great 
anticline in the foliation, and from that point towards the north- 
west represent apparently the highest members of the syncline, 
while those seen towards the south east represent an apparently 
descending series forming the upper limb of the syncline, the 
corresponding beds constituting the lower limb being covered by 
rocks apparently higher in the syncline. It appears then that 
the upper limb of the recumbent syncline coincides with the 
southern limb in the arch of foliation, while the under limb of 
the syncline coincides with the northern limb in the anticline of 
foliation. We have here then a great arch of foliation roughly 
coincident with an early syncline in the bedding. It is difficult 
to make out whether the authors supposed that each schist zone 
had been abnormally thickened in its passage over the great 
anticline in the foliation or whether we have here an enormous 
thickness of rocks. The latter is certainly the idea which the diagram 
section just described would lead one to infer. In the text 
32,000 feet is given as the approximate thickness of the beds from 
the boundary fault at Innellan to the centre of the anticline. That a 
certain amount of folding is supposed to have taken place is 
admitted by the authors, but it seems to me that such a structure 
must of necessity involve a great thickness of rocks, the sections 
in the body of the memoir also tending to bear out that idea. 

We see here then in the latest contribution of the Geological 
Survey to the solution of the Highland problem the generally 
accepted principles of mountain structures wholly set aside, na 
attempt is made to apply the work of Heim and Lapworth to the 
elucidation of the structures seen in the Scottish Highlands, and it 
is boldly assumed that a great syncline of strata, some 15 or 16 
miles in width, and containing an enormous thickness of rocks, has 
been traversed by an anticline of foliation which is roughly coin- 
cident with the syncline of bedding. 

We have here a somewhat peculiar combination of the views 
advanced by Murchison and Geikie on the one hand, and by 
Sharpe on the other. It will be remembered that according to 
Murchison and Geikie the Highlands of Scotland were traversed 
by a great series of simple synclines and anticlines, representing 
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an immense thickness of rocks, and that the fobation generally 
coincided with the bedding. On the other hand, Sharpe main- 
tained that the Highlands were traversed by a great series of 
arches quite independent of any bedding. We see then in the 
hypothesis advanced by the officers of the Geological Survey a 
combination of these two views. 

The geological survey of the southern Grampians, has now 
been going on for a considerable number of years, and appears 
to be approaching completion. Within these last few years, 
annual reports of the progress of the Survey have been published, 
and a number of the one-inch maps have already been issued, 
with several descriptive memoirs. With the exception of the 
memoir on Cowal, already referred to, no attempt, however, has 
been made to give anything like a connected account of the 
general structure of the Grampian range. Perhaps one of the 
most important results of the recent work of the Survey has 
been the identification of a set of beds, known as the " green 
beds," which occur immediately above the Ben Ledi Grits. The 
existence of this set of beds as a definite and well marked 
horizon had not been recognised till the Survey had made con- 
siderable advance in their work. Now that their importance has 
been fully understood, they have thrown considerable light upon 
the structure of the ground between the outcrop of the Loch 
Tay limestone and the boundary fault. The result of this has 
been to show that, in this area, the crystalline schists have been 
thrown into a series of isoclinal folds, with their axes hading for 
considerable distances in the one direction, and giving the ground 
the appearance of being a continuous succession of beds of great 
thickness, whereas, in reality, the beds are of comparatively small 
thickness, they being repeated over and over again upon them- 
selves by folding. 

Considerable attention has been paid by the Survey to the 
zone of black shales, cherts, and limestones, exposed immediately 
to the north of the great boundary fault, but no satisfactory explana- 
tion has yet been arrived at regarding the relationship of these 
rocks to the schists of the interior. They are, certainly, not 
nearly so much altered as the crystalline schists seen further to 
the north, but whether they are less altered than the grits which 
immediately succeed them, and which seem to form an integral 
part of the Highland series, is a matter of opinion. Their re- 
semblance to a group of rocks of Arenig age, which occurs in the 
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Southern Uplands, has led the Survey to consider, that the group 
found along the Highland border may be a northern prolongation 
of these beds. In Kincardineshire and Forfarshire, Mr George 
Barrow^ has drawn a line of thrust as separating the supposed 
Arenig group from the crystalline schists. In the Aberfoyle and 
Balmaha region it seems impossible to draw any line of demarka- 
tion between the two groups. 

Several other important stratigraphical horizons have been 
determined by the Geological Survey as occurring amongst the 
Highland schists, and these have been carefully mapped ; a 
detailed examination has also been made of the petrological 
characters of the schists ; and when the memoirs for the different 
maps appear, I doubt not that the larger structural features of 
the Grampians will have been unravelled. 

In the year 1896 the writer^ published a paper in the 
** Geological Magazine " arranging the clastic schists of the High- 
lands in descending order as follows : — 

(i) Upper Arenaceous Zone. (4) Loch Tay Limestone Zone. 

(2) Upper Argillaceous Zone. (5) Lower Arenaceous Zone. 

(3) Middle Arenaceous Zone. (6) Lower Argillaceous Zone. 

The principal lithological features and geographical position 
of each zone was first given, and then a series of sections was 
described, illustrative of their succession and physical structure 
as seen in Highland Perthshire. In that paper it was maintained 
that in the ridge north of Loch Tay we have a deep synclinal 
trough of schists and limestones belonging to the Middle 
Arenaceous, Loch Tay Limestone, and Upper Argillaceous Zones, 
and thus following the prevalent opinion regarding the structure 
of this part of the Grampians ; it was further shown that the great 
central syncline was thrown off towards the south into a some- 
what fiat anticline, which, however, soon passed into the deep 
trough forming the Southern Highlands. It was also contended 
that, as this deep trough is traced from Perthshire towards Loch 
Lomond and the Firth of Clyde a reversal of the beds occurs, 
which makes the lower zones appear to overlie the beds, actually 
higher in the series. Though now convinced that the simple 
synclinal structure of the Ben Lawers massive can no longer 



^ Quar, Journal GeoL Soc, vol. Ivii., page 328, 1901. 
^ Geological Magazine, vol. iii., pages 167, 211, 1896. 
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be maintained, I yet consider that the general views advanced in 
that paper contain what I still believe to be the true interpreta- 
tion of the structure of this part of the Grampians, and its manner 
of development, but this will be discussed later on. 

In 1897 I^ further developed the views already published in the 
" Geological Magazine." The Lower Argillaceous Zone seen along 
the Highland frontier is the oldest of the schist zones, and is in its 
normal position in Perthshire. Westwards, however, towards the 
Firth of Clyde, its position becomes steeper and steeper, till, in 
the area of the Firth of Clyde it becomes reversed, having been 
pushed backwards upon the main mass of the central Highlands. 
In a series of papers lately contributed to the Geological Society 
of Glasgow,^ I have more fully expressed my views regard- 
ing the structure and succession of the schists of the Southern 
Highlands. 

Last year in a paper published in the British Association 
Handbook on the Natural History of Glasgow and the West of 
Scotland, there will be found a still further development of my 
views regarding the structure of the Southern Grampians and its 
manner of development ; two sections are also given comparing 
the structure of the Perthshire ground with that of Cowal, and 
showing their relationships ; the following may be taken as a 
summary of the views therein advanced. From a consideration 
of these two sections it would seem, that, in the eastern one 
across Perthshire we have the nearest approach to the normal 
order of the rocks. In the interior of Highland Perthshire they 
are comparatively flat, but, as the Highland frontier is reached, 
the dip rapidly increases to high angles, still, however, dipping 
beneath the rocks of the interior. Here there is a syncline, of 
which the northern limb is comparatively flat, and composed of 
younger rocks, while the southern limb is exceedingly steep, 
ushering in the lower and older beds. This simplicity may, how- 
ever, be more apparent than real. One is at times inclined to 
suspect that the bedding has been folded into a series of 
isoclines, and that the foliation planes crossing these parallel to the 
axes of the folds, has made the structure appear more simple 
than it really is, and the thickness of the beds much greater than 
they ought to be. 

^ Trans, Perth Soc» Nat. Science y vol. ii., page 166, 1897. 
2 Trans, Gebl. Soc. GlasgoWy vol. vi., part 2, page 273, 1900. 
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In a paper read before the Glasgow Meeting of the British 
Association on the " Crystalline Schists of the Highlands -} their 
physical structure and its probable manner of development," the 
following conclusions were arrived at : — 

(i) The sedimentary schists of the Highlands, proceeding from 
the margin onwards, may be divided into the following zones : 
Lower Argillaceous Zone, Lower Arenaceous Zone, Loch Tay 
Limestone Zone, Garnetiferous Schist Zone, Upper Argillaceous 
Zone, Upper Arenaceous Zone. Associated with these are 
schists of igneous origin ; it is probable that these schists are 
capable of still further subdivision, but this is not attempted 
yet. 

(2) From an examination of the relationships of these different 
zones, the order as given above appears to be an ascending one, 
proceeding from the margin inwards, the well-marked zone 
known as the Loch Tay Limestone Zone, forming a sort of datum 
line from which we can recognise the position of the lower and 
upper schists. 

(3) It is supposed that the movements which plicated the rocks 
jf the Highlands were directed from the centre outwards, or from 
the N. W. towards the S. E. This is shown by the fact, that where 
the bedding can be traced, the overfolding is generally towards 
the south-east, also the foliation where it has been folded faces in 
the same direction. 

(4) In the eastern part of the region, I suppose that the bed- 
ding has been folded into a series of isoclines, facing the south- 
east, and that a^foliation has been developed roughly parallel to 
the axes of the folds in the bedding, thus making the foliation 
appear to be roughly coincident with the original planes of 
stratification. At Comrie, in Perthshire, the axes of the isoclines 
in the bedding are nearly vertical, but with a slight hade towards 
the north-west. The axes of the isoclines get gradually lower and 
lower as we proceed towards Loch Tay. In the same way the 
foliation planes are nearly vertical along the frontier, but get 
flatter and flatter as we proceed northwards. 

(5) In tracing the schist zones towards the south-west an 
increasing crumpling and folding of the foliation planes, 
accompanied by a more intense metamorphism is seen to take 
place ; this is made evident upon approaching the shores of Loch 

^ Report British Assoc, for the Advancement of Science, Glasgow, 1901. 
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Katrine and Loch Lomond, but it seems to have reached its 
maximum in Cowal. 

(6) In Cowal, along the Firth of Clyde, the position of the 
foliation planes has been reversed, and they now dip towards the 
south-east. Between the Firth of Clyde and Loch Fyne the 
foliation planes have been much crumpled, and still later divisional 
planes have been developed in them, this being a region of the 
most intense metamorphism. 

In a paper published last year in the Transactions of the 
Perthshire Society of Natural Science,^ I developed in some detail 
the structure of the central facher, or fan structure, seen in the 
neighbourhood of Killin. Three sections are there described, 
and from these sections the general tectonic arrangement of the 
schists along the great backbone of the Highlands has been made 
clear. It is pointed out that in the ridge to the north of Loch 
Tay we have a great Anticlinorium, or fan-shaped structure from 
which the rocks have been thrown off towards the north-east and 
south-west in a series of isoclinal folds. Near the apex of the 
fan the isoclines are vertical ; on each side the axes of the folds 
dip inwards towards the north-east and south-west respectively. 
Traced towards the south-east the axes of the folds become flatter 
and flatter, till they are almost horizontal. On approaching the 
Highland frontier the axes of the folds again begin to rise till they 
dip towards the north-east at a high angle. In following the 
sections from the apex of the fan towards the south-east, lower, 
and still lower beds rise to the surface. On the apex of the fan 
we have the Upper Argillaceous Zone, further soifth the Garnet- 
iferous Schists Zone, then the Loch Tay Limestone Zone, followed 
by the Lower Arenaceous Zone, and the Lower Argillaceous Zone,^ 
along the Highland frontier. 

On the north-west side of this axial line the arrangement of the 
schist zones is somewhat different, as the members of the Lower 
Arenaceous Zone and Lower Argillaceous Zone, seen along the 
Highland frontier, do not appear to come to the surface, being 
everywhere covered by members of the Upper Argillaceous Zone 
and schists higher in the series. 

I suppose that in the development of the fan-shaped structure 
the rocks along the line of what is now the Highland frontier, 
met with some obstacle, probably the piling up of the massive 

^ Trans. Perth Soc. Nat. Science , vol. iii., part iv., page 155, 1902. 
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beds of grit in the Lower Arenaceous Zone, which tended to ridge 
up the isoclines into a vertical position. Further west, and to the 
south of Ben Lomond, as has been already pointed out, the 
vertical position is actually reached. In Cowal, and along the 
shores of the Firth of Clyde, the isoclines have become inverted, 
the axes of the folds now hading towards the south-east. 

I have thus given a somewhat detailed account of the various 
theories that have been advanced to explain the geological 
structure of the Grampians, in the hope that justice may be done 
to the different observers who have contributed towards a solution 
of this difficult problem. It cannot be said that we have as yet 
reached anything like an exhaustive knowledge of the geological 
structure of the region ; though the mapping of the Geological 
Survey has done much to advance our ideas regarding the 
tectonic arrangement of the schists. 

III. — The Grampian Geosynclinal. 

Passing now to a consideration of the materials out of which 
the Grampians have been built, we may classify them into three 
kinds : first, the schists of sedimentary origin ; second, the schists 
of igneous origin ; and third, the later intrusive rocks. As thfe 
bulk of the Grampians is made up of the first of these three 
classes they will be considered in the above order. 

The term geosynclinaU has been applied by geologists to the 
great trough-shaped mass of sediments which have been accumu- 
lated during a long continued period of continental depression, 
and it may be considered as the first stage in the building of the 
Grampians. That the crystalline schists of the Highlands were 
at one time sediments of the ordinary type, such as sandstones, 
grits, conglomerates, shales, and limestones, and that they have 
been accumulated under the ordinary conditions of such deposits is 
now placed beyond dispute. Thus we can trace in many of the 
grits well-rounded pebbles of quartz and felspar, and in some cases 
fragments of still older clastic rocks, clearly proving their original 
fragmental character ; current bedding is often well marked in 
some of the finer quartzites, while the clastic origin of the shales 
is shown by their finely banded laminae. 

In the Upper Arenaceous Zone there occurs a conglomerate 
made up of boulders of gneiss and granite, set in a schistose 

^ Dana's Manual of Geolog}', Second Edition, page 748. 
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matrix, an observation originally made by M'CuUoch, and certified 
by James Thomson, a distinguished Glasgow geologist, and well- 
known member of this society.^ 

As will be seen in the sequel, the clastic structures of these 
rocks have in many cases become so entirely masked as often to 
make it difficult to say what the original character of the rock 
had been. In a typical sedimentary rock, the constituents are 
supposed to be wholly allogenic, whereas in a typical crystalline 
schist they are wholly allothigenic, and in the Scottish Highlands' 
nearly every gradation may be found between these two extremes. 

The amount of change which these clastic rocks have under- 
gone depends of course upon the original nature of the sediments, 
as well as upon the intensity of the metamorphism ; thus the finer 
sediments, such as shales and mudstones, are comparatively 
easily cleaved, and secondary micas set up in them, while the 
sandstones and grits have offered a more stubborn resistance to 
the effects of dynamic metamorphism. Over and over again one 
can see a closely packed and well defined set of divisional planes 
pass through a slate or phyllite, and stop short at a bed of 
quartzite or grit, which may appear scarcely altered, and with only 
a few incipient divisional planes here and there. On the other 
hand, as will be shown later on, the region under notice shows 
considerable differences in the intensity of the metamorphism 
which has been superinduced upon it ; thus while in certain areas 
it may be comparatively feeble, so that the clastic character of 
the schists may be quite plain, in other areas, often at no great 
distance, the metamorphism may have become so much increased 
as to make it almost impossible to recognise the same group of 
beds as was seen in the less altered state. 

Many interesting features associated with dynamic metamorph- 
ism may be seen in these schists, the bedding in the slates may 
often be seen to be intensely folded, and the folds crossed by 
cleavage planes generally parallel to the axes of these folds. In 
certain areas, such as in the Lower Argillaceous Zone along the 
frontier Highlands, where at many points the metamorphism has 
been comparatively feeble, the cleavage is of the simpler type, and 
the only divisional planes to be seen in the rocks, are those of 
bedding and one system of cleavage planes. In the Upper 

^ This bed was first noted by Macculloch Western Islands, vol. ii., page 
249, 1819, afterwards by James Thomson, Transaction Geological Society of 
GlasgoWy vol. v., page 210, 1875. 
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Argillaceous Zone or Ben Lawers schists, the cleavage planes 
have themselves often been intensely folded, and will be found to 
be crossed by a second set of cleavage planes evidently developed 
-during the folding of the first foliation or cleavage. In some of 
the more highly crushed and folded areas, not only secondary but 
also tertiary and even quaternary structures may be traced, thus 
vclearly showing that many of the schistose structures which we 
now see, have not been set up by a single movement, but by a 
.series of intermittent movements. Numerous interesting examples 
of these structures have been described from the highly contorted 
belt of Cowal by the officers of the Geological Survey in their 
Memoir on that district. 

Some of the most interesting phenomena in connection with 
:lhe metamorphism of these schists is to be seen in the beds of 
grit which constitute our Lower Arenaceous Zone ; for instance, 
strain shadows are well seen in the pebbles of quartz, when a thin 
section of the grit is rotated under crossed nicols so that instead 
of becoming totally dark for certain positions the crystal shows 
an undulating extinction. Again, the larger pebbles of quartz 
and felspar often show a distinct parallel elongation along lines 
of stretching in the schists, and in many cases the pebbles have 
been cracked across at right angles to the longer axis, the cracks 
being occupied by granulitic quartz. In some of the more 
highly metamorphosed areas the micas and similar flexible 
minerals are themselves bent, giving further evidence of the 
intermittent and consecutive character of the movements in the 
schists ; in the same manner such authigenic minerals as garnet, 
being more susceptible to fracture than folding, have, like the 
allogenic quartz and felspar, been occasionally elongated along 
later lines of movement in the schists fractured, and the ruptures 
iilled in by quartz, which is itself granulitic. 

Without doubt the Grampians .present one of the most 
interesting areas which we know for the study of such cataclastic 
structures as have been produced by dynamic metamorphism in the 
great processes of mountain building. In a typical microscopic 
section of any of the grits from the Lower Arenaceous Zone, most 
of the grains of quartz show peripheral deformation, the unde- 
formed centre being generally surrounded by a rim of granular 
quartz, which has been produced by the breaking up of the 
original grain. In some instances, the clastic constituents of the 
^rit have been crushed from rim to centre, the whole presenting a 
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finely granular matrix in which remnants of grains which have 
escaped deformation may be detected by the irregular extinction. 

A discussion of the manner in which the phenomena connected 
with the cleavage and foliation of these rocks have been produced, 
would occupy far more space than I can afford in this paper, 
though such phenomena are intimately connected with the 
building of the Grampians. It seems to me, however, that both 
mechanical and chemical causes have been involved in the 
development of cleavage. 

An examination of a microscopic section of the slates seen 
along the Highland frontier, will at once explain the reason why 
they split so readily in the one direction, for it will be found that 
the different constituents of the rock have been arranged in more 
or less parallel positions ; if an attempt were made to break the 
slate or phyllite along the original laminae of bedding, it would be 
found impossible to do so, or at least a very irregular and rugged 
surface would be the result, this being, of course, owing to the 
preference which the slates have for splitting along the line of 
least resistance, so that instead of having to break across a grain 
of quartz felspar or mica, they split in planes parallel to the 
longer axis of these minerals. A comparison of a piece of slate 
split along the bedding, with a piece split along the cleavage, will 
also help to explain the phenomena connected with cleavage in 
the slates. In the former case the fractured grains will be quite 
noticeable, whereas, in the latter, there will be no such fractured 
surfaces, as the slate will have split in lines passing between the 
elongated individual grains. 

The origin and development of slaty cleavage is a subject 
which has been long and carefully studied both by geologists and 
physicists. It was first noticed by Sedgwick who pointed out its 
independence of the bedding. In 1846 Sharpe accounted for it 
by supposing it to be due ^o the flattening out of the original 
constituents of the rock. I have also noted his theory, that in 
the Grampians the foliation planes were arranged in great 
anticlinals, and that it had been produced when the schists were 
in a fluid condition — a view opposed to that of Murchison and 
Geikie — who maintained that it had been produced in clastic rocks 
at low temperatures by pressure and heat, and generally coincided 
with the bedding following all the convolutions into which the rocks 
of the Grampians had been thrown ; but I propose to return to the 
relationships between the cleavage or foliation planes seen in the 
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schists, and the dynamic forces which have acted upon them, in a 
subsequent part of this paper. 

Sorby, on the other hand, maintained that slaty cleavage was 
produced by the rotation of the constituents of a rock, especially 
the mica, into such a position as would cause them to best resist 
further rotation ; and backed up this view by an experiment in which 
he mixed clay and oxide of iron, then subjecting it to pressure, he 
found a series of cleavage planes set up at right angles to the 
direction of the pressure. 

Tyndall and Daubree also experimented with beeswax, clay, 
etc., producing perfect cleavage planes in these substances, 
Tyndall holding with Sharpe that the structure was produced by 
the flattening of the grains. 

It will generally be found that the structure, known as slaty 
cleavage, has been set up in rocks which have been subjected 
more or less to lateral pressure, and since this pressure can only, 
on rare occasions, and under particular circumstances be 
perpendicular to the bedding, it consequently follows, that, 
as a rule, the cleavage will be found to cross the bedding at 
varying angles. Generally, it will be found that the folding of 
the rocks and the development of foliation have been con- 
temporaneous in the rocks under discussion. It must, however, 
be remembered, that besides any such purely mechanical altera- 
tion in the structure of the clastic rocks, entering into the 
Grampian geosynclinal, an accompanying recrystallisation of the 
original constituents has also taken place, the most prominent 
being the production of secondary micas, which generally lie 
with the longer axis parallel to the lines of cleavage, so that the 
rock has become more or less crystalline in structure. 

Van Hise has recently re-discussed slaty cleavage, and con- 
cludes that the structure is due to the arrangement of the 
mineral particles with their longer diameters or readiest cleavage, 
or both, in a common direction; and that the cause of this 
arrangement is, first, and most important, the parallel develop- 
ment of new minerals ; second, the flattening and parallel rotation 
of old and new mineral particles ; and third, and of least impor- 
tance, the rotation into approximately parallel positions of 
random original particles. He further concludes that this struc- 
ture is developed in rocks when they are so deeply buried as ta 
be in the zone of plastic flow, and that the structure develops in 
the planes normal to the greatest pressure. 
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Besides these more or less structural alterations which have 
been set up in the clastic rocks by dynamic metamorphism, it 
will also be found that many of their original constituents have 
undergone considerable mineralogical alteration. It may be 
recognised as a rule, that these mineral changes generally 
take place in the harder rocks, before any structural alterations 
have been effected, whereas, in the softer rocks, structural alterations 
usually precede mineral change. As an effect of dynamic 
metamorphism, alkali felspar may pass into colourless mica, 
potash felspar producing muscovite, and soda felspar, paragonite. 
Amongst other mineral changes produced by pressure and metamor- 
phism, we may note the passage of olivine into tremolite and talc. 
From what has been said, then, it will be seen that the clastic 
rocks which have entered into the composition of the Grampian 
geosynclinal, having been involved in the mountain-building 
processes, which subsequently upheaved the geosynclinal into a 
geanticlinal, and having been subjected to high degrees of heat 
and pressure, we find that the materials of which they were com- 
posed have been profoundly altered, both structurally and 
■chemically. In this way rocks which were originally of 
sedimentary and igneous origin, have been transformed into slates, 
schists, gneisses and other kinds of metamorphic rocks, the 
movements which have So profoundly altered these rocks being 
the same as that which upheaved them above the level of the sea 
in which they were deposited. 

It has long been recognised that the different schist zones 
which enter into the formation of the Grampians traverse that 
region in a general north-east and south-west direction ; a glance 
at the map which accompanies the paper will show this feature at 
once. Beginning at the Highland frontier they outcrop in the 
following order, (i) A narrow band of black shales, cherts, and 
limestones, the supposed Arenig rocks of the Survey. (2) The 
Lower Argillaceous Zone consisting principally of slates and 
phyllites, with subordinate beds of grit and limestone. (3) The 
Lower Arenaceous Zone, characterised by the presence of pebbly 
grits, sometimes passing into conglomerates ; near the top of this 
zone we have the so called " green beds '* which form a well 
marked horizon at this point. (4) The Loch Tay Limestone 
zone, so called because of its extensive development along the 
northern and southern shores of Loch Tay. (5) To the north of 
the Loch Tay Limestone we have the Garnetiferous schist zone. 
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characterised by the large quantities of that mineral which are 
found in the schists upon this horizon. (6) The Upper 
Argillaceous Zone consisting of phyllites, thin beds of schistose 
quartzites, greywackes, and limestones, and dark graphitic shales. 
(7) The Upper Arenaceous Zone, of which the principal member 
is the central Highland quartzite, with a band of limestone. 
With these schists of clastic origin are associated bands of 
hornblende schist, epidiorite, and other such altered basic igneous 
rocks. A very prominent band of the latter crosses the Grampians 
from shore to shore and is closely associated with the Loch Tay 
limestone. These rocks may be arranged in tabular order 
as under : — 

Table of the Metamorphic Rocks of the Grampians. 



( 



•So 






J3 



VI. 



Upper Arenace- 
ous Zone 



V. Upper Argillace- 
ous Zone 



IV. Garnetiferous J 
Schist Zone \ 

III. Loch Tay Lime- / 
stone Zone \ 



II. Lower Arenace-J 
ous Zone | 



I. Lower Argillace- 
ous Zone 



Rocks of Supposed) 
Ordovician Age 1 



Quartzite 
Grits 
Boulder Bed 

Limestone 

Black Schist 

Limestone 

Phyllites 

Schistose QuartzitesJ 

Mica Schists \ 

Quartz Schists J 

Limestone \ 
Calcareous Schists J 

Green Beds ^ 

Grits I 

Conglomerates j 

Greywackes J 

Phyllites ^ 

Limestones I 

Greywackes | 

Grits J 

Black Shales ) 

Cherts f 

Limestones i 

Grits 3 



Ben-Y-Ghloe, Shichal- 
lion, Glen Lyon, Loch 
Awe, Islay, Jura. 



Glen Shee, Blair Atholl, 
Ben Lawers, Ben Lui, 
Loch Fyne, Islay. 



Strath Tay, Glen Lyon, 
Glen Dochert. 

Loch Tay, Glen Dochert, 
Glendaruel, Kilfinan. 

Ben Vorlich, Ben Ledi, 
Ben Venue, Ben 
Lomond, Doune Hill, 
Loch Eck. 

Bridge of Cally, Dun- 
keld. Loch Lubnaig, 
Aberfoyle, Luss, Dun- 
oon, Rothesay. 

Cortachy, North Esk, 
Pass of Leny, Aber- 
foyle, Kelty Water, 
N. Glen Sannox. 



c u- .. c { Hornblende- schists. 

wl°/ Epidiorities. 

^ri<3n I Serpentine. 

0"P"- Chloriteschist. 



From the sequel it will be seen that I look upon the above 
table as a descending one, the newest rocks being placed at top, 
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the oldest at the bottom, so that as we traverse the Highlands 
inwards from the great boundary fault, we gradually rise into 
newer beds — the exact relationship of the supposed Ordovician 
Zone, seen along the Highland frontier, being left as an open 
question. 

Turning now to a more detailed examination of the characters 
and positions of these different schist zones, we begin with the 
Lower Argillaceous zone, seen along the Highland frontier, leaving 
out the problematical Ordovician belt, which will be described 
later on. 

The Lower Argillaceous Zone stretches across the Highland 
frontier from the Firth of Clyde on the west, to Stonehaven on 
the east; between it and the Highland boundary fault, there 
occur at certain places a group of grits known as the Leny grits, 
and here and there the black shales and cherts of the supposed 
Ordovician belt appear as if wedged in between the boundary 
fault and the crystalline schists of the interior, but to the relation- 
ship of these two groups I will return again. 

In Bute the Lower Argillaceous Zone is exposed to the north 
of Rothesay in Kames Bay between Arbeg Point and Ardmaleish 
Point ; crossing the Kyles of Bute, its southern boundary may be 
traced across the Toward peninsula from Ardyne Point, at the 
entrance to Loch Striven, to a little north of the Bull Rock on 
the Firth of Clyde, south of Dunoon; while its northern boundary 
runs from opposite Strone Point to Hunter's Quay. From this 
point the Lower Argillaceous Zone runs through the Roseneath 
peninsula and across the Dumbartonshire Highlands by Cove, 
Row, and Luss. Crossing Loch Lomond, it can be seen to the 
south of Sallochy Wood, from whence it strikes north-eastward 
by the shores of Loch Ard, it being well exposed in the Aberfoyle 
quarries. The slates have been worked both on the eastern and 
western shores of Loch Lubnaig at Coireachrombie and at Anie. 
Pursuing their steady north-east strike, the slates outcrop along 
the frontier Highlands of Perthshire, passing through the 
Aberuchill hills, where they have been quarried by Comrie, 
Craig Lea quarry north of Logiealmond to Birnam quarries 
south of Dunkeld, in the valley of the Tay. From thence they 
can be traced by Forneth, the Bridge of Cally, Pearsie, Lethnot, 
Fettercairn, to Stonehaven on the east coast. 

The principal rocks of the lower Argillaceous Zone are 
variously coloured phyllites including black, blue, purple, green, 
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grey, and buff, with occasionally intercalated bands of grit, grey- 
wacke, and thin limestones. Perhaps the best locality for the 
examination of this group of beds is the section exposed on the 
Firth of Clyde, between Hunter's Quay and the Bull Rock to the 
south of Dunoon. Here some excellent tide-washed exposures 
can be seen of the beds forming this zone. The dip of the 
principal foliation along the shores of the Firth of Clyde is 
towards the south-east, at an angle of about 53 degrees; the 
bedding in the phyllites may be seen to be folded over and over 
again, but the foliation generally keeps straight across the original 
lines of bedding, and is parallel to the axes of the folds affecting the 
bedding, from which it may be inferred that the finer argillaceous 
materials have suffered considerably more folding than the 
massive arenace,ous beds. The bedding in the phyllites can 
generally be detected by differences in their shading or colouring ; 
also differences in the texture help to point out the original lines 
of stratification, some of the bands being more gritty than others. 
In the East Bay at Dunoon there is an interesting section, 
which shows that the lines of foliation have been themselves 
folded by subsequent movements. In his description of this 
section in the Geological Survey Memoir of Cowal, Mr Clough^ 
points out that the direction of the hade of these folds is not 
always the same. Sometimes they may be seen to hade north- 
west, at other times south-east ; the latter examples seem to be 
the more prominent. As a rule, in the Southern Highlands, the 
overfolding has generally been south-east, and this occasional 
reversal of the law may be accounted for by the supposition that 
the schists along the Firth of Clyde have been pushed over 
towards the north-west. In. this section there are numerous 
crystals of iron pyrites largely altered into limonite, the cores 
being still iron pyrites. Sometimes they are half an inch in 
length. Round each crystal is an oval zone in which the 
phyllites have been bleached into a pale cream colour, probably 
from a reduction of the iron. It would thus seem that the 
crystals of pyrites have been developed subsequently to the last 
movement in the rocks, as they show no evidence of deformation. 
Eyes of pyrites similar to those described by Mr Harker in the 
Geological Magazine^ for 1889, may be seen in the slates at 



* Geology of Cowal, p. 12. 

'•^ Geological Magazine^ vol. vi., p. 396. 
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Undraynian Point to the north of Kames Bay. The pyrites in- 
this case seem to have been of early origin, and have been 
flattened out parallel to the cleavage planes, leaving vacant 
spaces which were subsequently refilled with crystalline quartz. 
Along the shore between Hunter's Quay and the Bull Rock^ 
numerous exposures will be found of thin beds of schistoze lime- 
stone. They are well exposed north of Kirn pier, and also a 
little to the north of Dunoon pier, they are never more than a 
few feet thick, and appear to be intercalated between the 
bedding planes of the phyllites; they weather to a rusty grey 
colour, but fresh fractures show a dark grey one; they are 
also sometimes pure white like statuary marble. It will be 
noticed that these thin limestones have generally suffered as 
much, if not more, folding than the neighbouring phyllites, a 
similar feature to that seen in the more massive limestones 
of Loch Tay. 

Along the Dunoon shore, and south of Glen Morag, a continu- 
ous exposure will be found of buff, grey, and purple phyllites, in 
which the principal foliation is seen to dip south-east ; in places 
the principal foliation is crossed by a later one which cuts 
the earlier foliation almost at right angles, and shifts it to the 
south-east by slight throws. An interesting exposure of limestone 
which has been rendered schistose, and the planes of foliation 
folded by subsequent movement and crossed by ausweichung or 
strain-slip may also be examined here. A close examination will 
show that there has existed an earlier strain-slip which has itself 
been folded, so that the limestones seem to have been particularly 
liable to folding and refolding. At this point of the section some 
fine examples showing the relationships of the stratification in 
the phyllites to the foliation may also be observed. Mr Clough 
in the Survey Memoir on Cowal has noticed that it is generally 
the upper limbs of the folds in the bedding that are most thinned, 
which is contrary to the general law, namely, that the under limb 
ought to be so. Mr Clough explains this by the supposition 
that in the ridging up of the great anticlinal axis which, 
according to the Survey, passes through Cowal, these folds 
in the bedding received a position not originally their own, in 
fact, that they became inverted. While recognising this most 
interesting observation of Mr Clough's, we think that the 
occurrence may be accounted for in a somewhat different manner, 
by supposing that the beds along the Firth of Clyde have been 



Peter Macnair ofi The Building of the Grampians. 177 

bent over and pushed inwards towards the north-west.^ In other 
words, while the early overfolding of the bedding has generally 
faced the southeast, this has been inverted along the Firth of 
Clyde by the development of another fan-structure, of which we 
only see the northern limb ; but this will be treated further on in 
greater detail. At Luss the slates appear according to the 
recently published map (sheet 46) of the Geological Survey, to 
be broken up into four distinct outcrops, by infolds of the Leny 
grit, which appears to occupy a horizon lower than the slates. 
At Loch Lubnaig the Lower Argillaceous zone is well seen in the 
hillsides which form its eastern boundary, where the rocks consist 
of green and purple slates, both he bedding and cleavage dip 
N.N.W., the latter at 70°. The cleavage can be seen crossing 
the bedding at angles varying from 20° to 60**, thus showing that 
the beds have been considerably folded ; but on the whole the 
axes of the isoclines appear to hade with the foliation. 

Nicol in his paper on the structure of the southern Grampians 
discusses the relationship between the cleavage and bedding of 
the slates in this region, and makes the following reply to those 
geologists who had affirmed that there was no evidence of true slaty 
cleavage in this part of the Highlands : " Are these planes of 
deposition and bedding of a true slaty cleavage, distinct from 
and independant of the stratification, or are these two structures 
here coincident ? This question is of very considerable interest 
in relation to the true structure of this locality, and of the 
Highlands generally. It has too often been assumed without 
proof, that all the marked division lines in the metamorphic 
strata of the Scottish Highlands are lines of deposition, and much 
error and confusion has thus been produced." The phenomena 
which he saw and described in the Aberuchil quarries led him 
to conclude that the chief divisional planes seen in the slates of 
this district are those of cleavage and not of bedding, and that 
they dip towards the north-west at high angles. These promi- 
nent foliation or cleavage planes, he described as crossing other 
less marked divisional planes, and their relationships are illus- 
trated by a diagram, which shows the cleavage planes passing 
across the folds in the bedding, parallel to the axes of the folds, 
a rule which seems now to be fairly well established, as holding 
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good at least for this part of the Grampians. At Craiglea quarry 
near Logiealmond, similar phenomena to those already described 
at Aberuchil can be seen. At Birnam, good exposures can be 
seen in the slate quarries, the bedding and the cleavage both dip 
to the north-west at high angles ; they appear to make an angle 
with one another of about io°. 

Immediately to the north of the Lower Argillaceous Zone just 
described, there occurs a group of schists which I have termed 
the Lower Arenaceous Zone, because of the predominance in it of 
rocks of an arenaceous character. The southern boundary of this 
zone is a fairly well marked Ime, being formed by the phyllites 
of the Lower Argillaceous Zone. The northern boundary cannot, 
unfortunately, be fixed so definitely ; in the meantime I run it 
provisionally up to the base of the Loch Tay Limestone. This 
zone, like that just described, can be traced right across the 
southern Grampians, from Kintyre on the west, to the coast 
between Stonehaven and Aberdeen on the east. In Cowal, the 
Lower Arenaceous Zone occupies the whole of the area lying 
between a line drawn from Kirn to Strone Point in the Kyles of 
Bute, this being the southern boundary, and a parallel line 
running near the base of the Loch Tay Limestone, and crossing 
•Cowal from Ardmarnock Bay on Loch Fyne by Glendaruel to 
Ballimore, south of Strachur. Further east, the grits, greywackes, 
and green beds, which form the most prominent members in this 
zone, may be traced along both sides of Loch Long and Loch 
Lomond to the shores of Loch Katrine. The grits constitute 
many of the principal mountains in this area, and include Ben 
Lomond and Ben Venue. It may be here noted, that, to the 
west of Loch Katrine, and in the area just described, the grits in 
many parts, become highly granular and schistose, whereas, to 
the east of Loch Katrine they seem to have suffered a much 
more feeble metamorphism. Further east, this zone can be 
traced through Ben Ledi, and Ben Vorlich, by St Fillans and 
Ben Chonzie, down Strath Bran, and eastwards across the frontier 
Highlands of Forfarshire and Kincardineshire. 

The massive grits of this zone known by the Survey as the 
Ben Ledi grits, appear to lie immediately above the slates 
and phyllites of the Lower Arenaceous Zone. The rocks of this 
zone vary from exceedingly fine-grained greywackes to massive 
grits, with pebbles often an inch in diameter, the pebbles are 
usually quartz or felspar set in a finely comminuted felspathic 
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matrix. On Stuc a Chroan the grits become very coarse, in 
fact, they might ahnost be called conglomerates, the pebbles 
being mostly quartz. As has already been pointed out, to the 
west of Loch Katrine these grits have suffered a considerably 
higher dynamic metamorphism than further to the east, where 
they are only slightly sheared, and where they still preserve their 
original clastic character. To the west of Loch Lomond, these 
massive grits have, in many places, become so completely 
deformed as to present all the features of a typical gneiss, still, 
here and there, in areas of more feeble metamorphism, relics of 
the original clastic grains can be traced, thus placing beyond 
doubt their sedimentary origin. 

When highly altered, these rocks might be fitly described as a 
granulitic biotite gneiss, as scarcely any allogenic material can be 
seen in them ; of their constituents the quartz is generally 
more abundant than the felspar; the original quartz and 
felspar have become completely granulitized and now exist as a 
fine mosaic of interlocking grains. The mica is arranged in 
flakes along the planes of schistosity in the rock. Mr Teall says 
of such a rock all the constituents are authimorphic, and most, if 
not all, are authigenic. 

Mr Teall,^ in summing up the characters of these rocks, says, 
that they consist of foliated crystalline rocks essentially composed 
of quartz, felspar, and one or two micas. They are, therefore, 
gneisses in the usual sense in which that term is employed. 
Where conspicuous traces of their clastic origin remain, they may 
be termed gneissose grits, when all, or nearly all, such traces 
have disappeared, they may be termed granulitic gneisses. They 
pass by insensible gradations into felspathic mica schists. 

Above these grits occur a set of rocks known as the " green 
beds " because of their marked greenish colour. They generally 
show a more or less well developed schistose structure, and are 
characterised by the presence of granular epidote, chlorite, and 
dark green or bronze biotite. That they are of fragmental origin 
seems undoubted, but their original character seems uncertain. 
When first mapped by the officers of the Survey they were 
supposed to be of pyroclastic origin, the green colouring matter 
being looked upon as similar to the fine dust of volcanic tuff; 
but the complete absence of interbedded lava flows, or of any 

^ Geology of Cowal, p. 295. 
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pebbles, referable to igneous rocks, throws doubt upon such 
an origin. 

The " green beds," like the schists already described, have been 
traced across the southern Grampians for a considerable distance. 
In Cowal they stretch from Ardmarnock Bay by Glendaruel, to 
the head of Loch Fyne, and from thence eastwards towards 
Glenfalloch; this may be considered as the main outcrop. Outliers 
have been traced on Sron Aonaich, a shoulder of Ben Lomond, 
and in the railway cutting at the head of Loch Lomond near Ardlui^ 
on the shores of Loch Chon, on the northern slopes of Ben 
Venue, and the eastern end of Loch Katrine, and on the summit 
of Ben An. 

Stratigraphically the green beds occupy a position near the top 
of the Lower Arenaceous Zone, and occur on a horizon not far 
below the Loch Tay limestone. It was not until considerable 
advance had been made in the mapping of the Highlands that the 
Survey was enabled to recognise the importance of the green 
beds as a definite and well marked horizon amongst the schists to 
the south of the Loch Tay limestone. Towards the great central 
facher, or fan-structure, the green beds dip in simple outcrops 
below the Loch Tay limestone. Between that great axial hne of 
folding and the frontier Highlands they are repeated again and 
again in isoclinally folded strata as outliers between the folds of 
the Ben Ledi grits. In Cowal there appear to be two sets of the 
"green beds." The following is a description of the green beds 
from two localities seen in thin sections under the microscope. 
The first is taken from Sron Aonaich, a shoulder of Ben Lomond, 
and the second from a cutting in the West Highland railway 
north of Ardlui, at the foot of Stob an Fhithich. In comparing 
the two specimens, it will be seen that the specimen from the 
latter locality exhibits an increasing metamorphism. The green beds 
of Sron Aonaich consist principally of pale yellowish green grits, 
in which the original clastic structure is quite apparent, as they are 
often seen to enclose large pebbles of quartz and felspar. Examined 
in a thin slice under the microscope, the rock is seen to be composed 
of epidote, quartz, felspar, chlorite, brotite, and two sets of long 
needle shaped crystals, one of which gives straight extinction and 
has a positive sign, while the other has an extinction angle of 
about 14° and may be hornblende. The epidote is in small 
rounded grains, which sometimes appear to be aggregated 
together. The epidote is of a greenish yellow colour and gives 



Peter Macnair on The Building of the Gratnpians. 181 

the general colour to the rock. The larger grains show a slight 
pleochroism. The epidote can be distinguished from the other 
constituents of the rock by its high refractive index, and strong 
double refraction, it appears to form the greater bulk of the rock. 
Inclusions of epidote occur in some of the larger felspar grains. 
Chlorite exists in considerable abundance in the form of flakes, 
and is of a light green colour. Usually the pleochroism is not 
very strong, but in other cases it gives well marked green and 
brown tints. The larger pebbles of quartz and felspar are usually 
surrounded by a mosaic of granular material, the felspars often 
showing turbid centres. In several instances the twinning bars of 
the felspar can be detected in the undeformed portions of the 
grains. In other cases the pebbles have been crushed from rim 
to centre, the existence of the sand grain being indicated by the 
aggregation of granules of quartz or felspar. Under crossed 
nicols a system of strain shadows may be seen in several of the 
uncrushed felspars and quartz grains. Biotite occurs abundantly 
in most of the green beds with a distinct cleavage and strong 
pleochroism in reddish brown and yellow tints. The quartz, like 
the felspar, has generally become more or less broken down, and 
now appears aggregated together in lenticular-shaped areas. 
Round these lenticular areas the flakes of biotite and chlorite are 
arranged, giving the rock a more or less well developed augen- 
structure. Immediately to the north of the Ardlui station there is 
a considerable cutting in the railway, and the rocks of the cutting 
have been identified by the Survey as belonging to the " green 
beds." They will at once strike the observer as being in a much 
higher state of metamorphism than those already described, as 
they now exist as dark hornblende schists, which would at once 
be considered to be an altered basic rock. According to the 
Survey, however, many of the hornblende schists which appear 
near the great axial line of folding, and which are evidently upon 
the same horizon as the green beds, are simply the green beds in 
a more advanced state of metamorphism, a number of more gritty 
bands appear intercalated with the hornblende schists, and these 
have now become quartz epidote schists, with hornblende and 
felspar, or an albite gneiss with chlorite and hornblende. 

It would be difficult to speak definitely as to the original 
character of the green beds, and the conditions under which they 
were deposited. They are clearly of clastic origin, though they 
have in many cases become almost wholly crystalline. The 
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broken and shattered grains of quartz and felspar may, I thinks 
form part of the original sediment. The other minerals I would 
feel inclined to look upon as of secondary origin. 

To the north-west, and apparently above the Lower Arenaceous^ 
Zone, we have one of the best marked horizons amongst the schists 
of the Southern Grampians, namely that known as the Loch Tay 
Limestone Zone. It forms a well marked datum line separating 
the lower from the upper schist zones. This zone, like those 
already described, can be traced right across the whole breadth of 
the Grampians from sea to sea ; it is named the Loch Tay lime- 
stone, because of its great development in the neighbourhood of 
that Loch. The Loch Tay limestone has been traced from 
Cantyre across Loch Fyne to Auchalick Bay, from whence it passes 
across Cowal by Acharossan, Kilfinan, and Glendaruel, to 
Ballimore south of Strachur. Striking eastward it can be traced 
into the valley of the Dochart outcropping along the hills to the 
north from near Crianlarich to Auchlyne, where it is cut off by 
one of the powerful N.N.E. and S.S.W. faults. 

In the neighbourhood of Kill in and Loch Tay a large number 
of interesting sections of the Loch Tay limestone are exposed. It 
can be well seen in the bed of the Dochert, about a mile above 
the falls. Here the bed of the river is somewhat rocky, the river 
flowing over an exposure of the limestone dipping towards the 
northwest beneath Sron Clachan. From the bed of the river the 
limestone appears to ascend the side of Sron Clachan to near the 
escarpment known as Cnoc a Mhanaich. Traced eastwards round 
Sron Clachan, the limestone evidently covers the whole of the 
ground between the main street of the village and the i,ooo feet 
contour line, and may be seen at various points, as above the 
manse and at Maragowan. From this point the limestone 
stretches along the side of Loch Tay, forming the base of Craig- 
na-Caillich, and evidently dipping at a considerable angle below 
that mountain. Numerous fine sections may be observed along 
the road which leads to Kenmore, for instance, on the road about 
half a mile beyond the inn, and immediately on this side of the 
keeper's house, probably the Drumnalarig of the inch Ordnance 
Survey map. At this point the main body of the limestone is 
seen to dip towards the north-west at an angle of about 45", and 
an examination of it shows that it is banded with thin laminae of 
argillaceous material which has passed into mica. The limestone 
has been thrown into a number of folds, which are very clearly 
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shown owing to the banded structure. The longer axes of the 
folds are seen to distinctly hade with the main body of the lime- 
stone, namely towards the north-west, the overfolding being con- 
sequently towards the south-east, while the under limbs of the 
folds are those which are most thinned. From this it would 
appear that the direction from which the thrust has been applied 
has been the north-west, and it has been transmitted towards the 
south-east, and we find that as a rule this seems to have been the 
general law of folding observed in this part of the Highlands. 
Along the southern side of Loch Tay the limestone is well expos- 
ed in the bed of the stream, which, flowing from Lochan-Lairig 
Eala, near the head of Glen Ogle, joins the river Dochart at 
Easter Lix. Ascending the stream, a somewhat extensive outcrop 
of the limestone is passed over, apparently dipping towards the 
north-west, but getting gradually flatter as we ascend the stream. 
A similar section is seen in the Ardchyle Burn, between the 
village and the ford. Near the village the dip is distinctly north- 
west, but in ascending the burn it becomes gradually flatter 
and flatter, till it eventually rolls over and appears to dip south- 
east and under Creag MacRanaich. At Glen Ogle head an 
exposure of the limestone is seen by the roadway near the station. 
Here the limestone has been considerably folded, and appears to 
dip towards the south-east. From the head of Glen Ogle the 
limestone can be traced more or less continuously along the 
northern side of Ben Leathan ; and though it is much covered with 
drift, excellent sections of it may be seen in the beds of the Allt- 
nan-Sliab, and the Allt-ant-Socaich, at a point a little higher up 
the hillside than where they unite. From this the limestone can 
be traced along the hillside to the north of Creag Charbh, where 
it is thrown out by the powerful fault which runs across Loch Tay 
to the east of Ardeonaig. On descending Glen Ogle, the limestone 
which was seen at its head disappears for the space of about two 
miles, but again appears about half way down the glen in the bed 
of the stream, accompanied by beds of epidiorite, the dip of the 
schists being now almost flat or slightly to the north-west. From 
the foot of Glen Ogle the limestone may be traced in a large horse- 
shoe curve up Gleann Ce'ann Droma, then bending round the foot 
of Meall-ant-Seallaidh, its outcrop sweeps round the Kirkton Glen 
and back into the main valley of the Dochart. At the head of 
Loch Earn the limestones seem to undulate gently towards the 
south-east, plunging below the garnetiferous schists of Meall-nan- 
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Uamh, to the east of Lochearnhead Station, and abutting against 
the Glen Ample fault, which is a continuation of that already 
noticed as crossing Loch Tay. From the northern shores of 
Loch Earn, near Dalveich, the limestone may be traced up Glen 
Beich on the west side of this fault for nearly three miles ; outliers 
of the Loch Tay limestone also appear on the summit of Ben 
Vane to the north of Ben Ledi, and on Meall na Creig above 
Ardeonaig. 

From the Loch Tay district where this limestone zone is so well 
developed and where its relationship to the other schists is com- 
paratively clear, it can be traced eastwards down the valley of the 
Tay. 

The Loch Tay limestone varies in colour from white, through 
different shades of grey to nearly black. It is in a thoroughly 
crystalline condition. The grains of calcite vary considerably in 
size, in some cases the rock is fine-grained, and the calcite crystals 
are microscopic, while in others they may be half an inch across. 
At times it appears as if the black crystals were set in a matrix of 
smaller crystals of a greyish or white colour; Mr Clough has 
suggested that this colour may be accounted for on the supposition 
that the white parts have been formed by a crushing and 
recrystallization of the darker parts. 

The presence of small flakes of pale coloured mica in the 
limestone is not uncommon, the quantity increasing at times to 
such an extent as to make the limestone pass into a calcareous 
mica schist. In many cases the rock presents a distinctly banded 
appearance, owing to the alternation of micaceous and calcareous 
laminae. Whether this may represent an original structure in the 
rock, or whether it has been brought about by subsequent 
deformation, is not quite clear, probably it may be due to both 
causes. 

Mr Teall has identified certain pale straw-coloured or white 
needles, which appear on the weathered surface of some of the 
impure limestone bands, as idocrase. Garnets also occur at certain 
places in the impure calcareous schists. 

Mr Clough has estimated the thickness of the Loch Tay lime- 
stone in Cowal, to be from 40 to 50 feet, it being divided by a 
bed of hornblende schist. In the district of Loch Tay it 
cannot, I think, be very much thicker, though it presents outcrops 
varying from half a mile up to nearly a mile in width, and that on 
steep hillsides, and with a dip of 45°. This great thickness of 
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the outcrop can only be accounted for on the supposition that the 
limestone has undergone considerable folding, and though I have 
not yet received any very reliable data as to the extent of this folding, 
yet the whole aspect of the limestone points most conclusively 
to the fact, that considerable folding must have taken place. 

It is almost impossible to examine the Loch^Tay limestone at 
any place without being struck with the remarkable manner 
in which it has been folded, evidence of this folding being of 
course best seen where the banded structure to which I have 
just referred occurs. Not only has it been plicated into compara- 
tively deep isoclinal folds, but the limbs of these larger folds have 
themselves often suffered folding, so that the limb of a larger fold 
may be plicated into innumerable smaller ones whose limbs all 
hade in the same direction. Interesting examples of these phen- 
omena have already been referred to as occurring at Drumna- 
larig, near Killin, and at the Glen Ample falls near Lochearnhead, 
but they abound everywhere, and can generally be seen where 
the limestone outcrops. 

In the north-west, and apparently above the Loch Tay lime- 
stone, we have the Garnetiferous Schist Zone, so called because of 
the great quantities of garnets which appear in the schists upon 
this horizon. It is not asserted that these garnetiferous schists 
mark a definite stratigraphical horizon, yet it is somewhat remark- 
able that they can be traced right across the Grampians in a 
manner similar to the schist zones already described. Their 
southern boundary has been drawn at the top of the Loch Tay lime- 
stone, and their northern at the base of the Upper Argillaceous 
Zone. They appear on the shores of Loch Fyne at Kilfinan, and 
strike north-eastwards, bounded on the north by the Ardrishaig 
phyllites, and on the south by the Loch Tay limestone. Passing 
from Cowal into Perthshire, the garnetiferous schists can be traced 
from Tyndrum eastwards by Glen Lyon and Glen Dochart, to the 
foot of Loch Tay, from whence they stretch by Aberfeldy and 
Pitlochry, into Forfarshire and Banffshire. As I have already 
said I would not care to affirm that the garnets actually mark a 
definite stratigraphical horizon, but that they exist in great num- 
bers in a group of schists which evidently lie between the 
Ardrishaig phyllites on the north, and the Loch Tay limestone on 
the south, seems to be quite conclusive. It may also be remark- 
ed, that the garnets are not confined to the sedimentary schists 
alone, but are developed also in the epidiorites and hornblende 
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schists which occur upon this horizon. It is also noticeable that 
they appear to increase in size and number from the south-east 
towards the north-west. It seems then that the garnets are the 
product of dynamic metamorphism. That a gradually increasing 
metamorphism has taken place from the frontier Highlands 
inwards, towards the great line of axial folding or backbone of the 
Grampians is, I think, a matter now placed beyond dispute. 
We would also naturally look for an increasing metamorphism 
towards the core of the great geanticlinal where the beds could 
not be jammed any closer, and where arrested motion would 
generate heat. It will also be seen that as we proceed inwards 
from the Highland frontier, it becomes more and more difficult to 
trace the original clastic structures in the sedimentary schists as 
we approach the great axial line of folding. 

Mica schist may be taken as the typical rock occurring within 
this zone. Mineralogically, mica schist consists of a schistose 
aggregation of quartz and mica, arranged in alternating wavy 
laminae planes of schistosity. Structurally the quartz presents a 
granular character, having been derived from the breaking up of 
the original quartz grains in the clastic rock. The mica, which 
may either be muscovite or biotite, is entirely authigenic, and takes 
the form of plates which are general basal sections of the mineral. 
They are often arranged in continuous layers along which the rock 
splits more readily, and which present surfaces covered with 
glistening mica. An infinite number of varieties may occur 
according to the predominance of one or other of the constituent 
minerals, so that a typical mica schist may pass on the one hand 
into a phyllite, or on the other into a quartz schist. Various 
accessory minerals may occur in the schists, as felspar, kyanite, 
stanrolite, chlorite, or garnet. 

The common accessory mineral in the mica schist is of course 
the garnets, which are of a port wine colour, and vary in size from 
minute crystals, which can only be seen under the microscope, up 
to those which may be half an inch in diameter. In many cases 
the garnets are surrounded by a rim of chlorite, and show evidence 
of having been stretched in the direction of the foliation planes. 
They are also seen to be cracked across at right angles to their 
longer axes, and the cracks filled in with granulitic quartz. These 
phenomena point to the fact that a certain amount of movement 
must have taken place in the schists at a period subsequent to the 
crystallization of the garnets. 
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Above the Garnetiferous Schist Zone we have the Upper Argil- 
laceous Zone, which consists of rocks of a more argillaceous type 
than those just described, and are represented by phyllites or 
calcareous sericite schists, and dark graphitic schists and lime- 
stones ; with the former are associated thin beds of greywacke or 
fine-grained schistose quartzite. This zone can be traced from, 
Loch Killisport across Knapdale to Ardrishaig, and from thence 
along both the eastern and western shores of Loch Fyne, passing 
Inveraray and Ben Buidhe, and sweeping round Ben Laigh into 
Perthshire. From Tyndrum a band of considerable width 
stretches north-eastwards towards Glen Lyon, forming the main 
outcrop in this area. Another band of considerable width stretches 
from Meall Chuirn on the ridge between Glen Lochay and Glen 
Dochart eastwards by Craig-na-Caillich, Meall-nan-Tarmachan, 
Ben Lawers, Fernan, the ridge between the Tay and Tummell to 
Ben Vrackie, above Pitlochry, and thence north-eastwards into 
Kincardineshire and Banffshire. 

The phyllites of this zone are highly micaceous rocks, the 
sericitic mica occurring in flakes lying parallel to the general 
schistosity of the rock. Granular quartz also occurs in lenticular 
masses round which the mica flows in wavy laminae. They 
usually contain numerous veins of extravasated quartz which have 
been folded along with the schists. In central Perthshire these 
schists have become thoroughly crystalline in character, so that 
all traces of their original clastic structures have been destroyed. 
Mr T. B. Hill in a paper on " The Progressive Metamorphism of 
some Dalradian Sediments in the region of Lock Awe," has 
shown that these phyUites in the neighbourhood of the Pass of 
Brander exist in the condition of clay slates, which, though they 
are cleaved, still exhibit their bedding planes quite distinctly. 
Traced eastwards beyond Dalmally these slates are seen to 
gradually pass into mica schists, assuming a highly crystalline 
character, which contains big flakes of white and green mica, and 
chlorite. 

Apparently intercalated with these phyllites are thin beds of 
fine grained greywackes and quartzites, the former being of a 
dark grey colour, and often finely banded, the latter being usually 
pure white. It was in these beds that the late Duke of Argyll^ 
and the author, discovered certain bodies which they considered 

^ Proceedings Royal Society ^ Edinburgh^ vol. xvi., 1888-89. 
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to be of organic origin,^ and which they supposed represent 
deformed annelid tubes. The specimens found by the writer 
occur in dark greywackes near the summit of Craig-na-Caillich, 
on weathered surfaces they either stand up in little knobs, or 
present a series of pits, according as they are harder or softer than 
the surrounding matrix. In sections at right angles to the 
bedding they usually present an oval form, or they may be drawn 
out into lenticular streaks when the shearing has been more 
intense. They also occur on the bedding planes in ribbon-like 
forms, the material within the tube being of lighter colour than 
the matrix. The bodies discovered by the late Duke of Argyll 
generally occur in the thin-bedded quartzites, which are intercalat- 
ed with the phyllites, and are well exposed along both the 
eastern and western shores of Loch Fyne. They present features 
similar in every respect to those just described from Craig-na- 
Caillich, and he believed them to be undoubtedly of annelid 
origin.'^ 

Another member of the Upper Argillaceous Zone, which forms 
a very definite horizon in the Highland schists, is a black graphitic 
schist which appears to come on immediately above the 
Ardrishaig and Ben Lawers phyllites. The out-crop of this 
schist can be traced from Dalmally to Tyndrum, from whence it 
strikes north-eastwards from the Crom AUt, by Benin Chaorach, 
Cam Chreag, Meall Tronail, and Meall a' Chall, this being the 
main outcrop, and along which it is seen to plunge below the 
quartzites of the Upper Arenaceous Zone. Outliers of the black 
graphitic schists have been infolded with the Ben Lawers phyllites 
on Meall Corranaich, a mountain a little to the north-west of Ben 
Lawers, and extend eastwards towards Fernan, 

The recent work of the Geological Survey in the Pass of 
Killiecrankie and the neighbourhood has confirmed the relation- 
ship which I have long believed to exist between the phyllites, 
black schists, and quartzites of the Ben Lawers massive. 

The evidence regarding the succession of the phyllites, black 
schists, and quartzites upon this horizon, has been arranged under 
three classes by Mr Cunningham Craig,^ (a) Structural evidence, 
{d) Petrological evidence, (c) Evidence from observation of pitch, 

^ Trans, Perth Soc. Nat, Science ^ vol. i., page Ii6, 1889. 
'■^ Trans, Perth Soc, Nat, Science^ vol. iii., page 131, 1 901. 
^ Summary of Progress, 1901, page 169. 



Peter Macnair 07i The Building of the Grampians, 189* 

and discordant junction of different members of the series. I only 
quote the structural evidence which shows that in the pass of 
Killiecrankie it presents almost the same features as those seen on 
Ben Lawers, and in Glen Lyon, namely that the main outcrop of 
the black schist which to the north plunges beneath the quartzites, 
is repeated to the south by outliers infolded in the Ben Lawers 
phyllite. 

I quote Mr Cunningham Craig's description of the black schist 
seen on Meall Uaine in the pass of Killiecrankie. "The first point 
of importance, he says, is the identification of the dark schist south 
of the main quartzite outcrop, with that north of the outcrop. 
On Meall Uaine, the so-called graphitic schist can be traced 
round the folds of the base of the quartzite into the black 
schist to the northward, associated with the Blair Athol,. 
limestone. 

There is no drift obscuring the ground, and the section is 
remarkably clear. The basal edge of the quartzite is seen folded 
with the underlying schists, and usually much drawn out by 
shearing at the actual margin, but a few inches in, the quartzite 
is fairly solid. 

Minor zones in the black schist can also be identified on both 
sides of the outcrop of quartzite. The thin dark limestone already 
alluded to is seen in several localities south of the quartzite 
outcrop, and near the summit of Meall Uaine it is found more 
highly altered and beginning to develop tremolite crystals. 
North of the quartzite, it has the same appearance, but, as we 
proceed north-eastward into a region of greater metamorphism, 
the tremolite becomes more conspicuous and more highly 
crystalline, till the rock presents the appearance of the well 
known tremolite limestone, which has so often been recorded as 
a zone in the black schist associated with the Blair Atholl 
limestone. 

This identification of the black schist with the so-called 
graphite schist is further confirmed by the mapping of the Ben 
Lawers schist, with its characteristic thin limestone band, from 
south to north round the outcrop of the quartzite. 

This evidence is sufficient to establish the fact that the 
quartzite is the highest member of the series, lies above the black 
schist, and when it comes in contact with the Blair Atholl lime- 
stone, as near the head of Allt a' Mhagain, must be above that 
deposit also." 
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I have quoted Mr Craig's conclusion in some detail as I 
think he has established the identity of the black schists to the 
north, with the graphite schist overlying the Ben Lawers phyllites, 
and thus brought this region into line with that further to the 
west. He also seems to have no doubt as to the order of 
succession, which is identical with what I have maintained for a 
number of years, and is essentially the same as that advanced by 
Nicol some forty years ago. So remarkable is the confirmation 
of Nicol's succession, that I do not hesitate in quoting him also. 
Speaking of the lower parts of Glen Shee, he says, " the greater 
part of this glen lies in the mica slate, the beds showing a 
general inclination to the north, though much concealed in the 
lower valleys by detritus and occasional convolutions. North of 
the Inn, at the Spittal, I found a black carbonaceous shale in 
highly contorted beds, but dipping 60" N. 12° W. This rock 
closely resembles the black shales of Oban and Easdale described 
by me in 1858. It appears to overlie the mica-slate and thus 
confirms the view that the clay slates are the higher and newer 
formation. The part of the section, to which I wish especially 
to refer, lies further up the Glen, and on to the Braemar 
mountains. The slates continue up Glen Beg, to the foot of the 
steep pass over the Craigwell. Here a bed of bluish-grey limestone 
with numerous veins of calcspar crops out, dipping at a high 
angle to the north-west. This is overlain by beds of gneiss 
passing up into quartzite, which forms the higher portions of 
the mountains."^ 

The succession then in this region seems to be fairly well 
made out, and may be taken as under in descending order. 

(4) Quartzite. 

(3) Blair Atholl Limestone. 

(2) Black schist with tremolite limestone near the top. 

(i) Ben Lawers schists with thin limestone at the top. 

It now remains for me to briefly note some of the principal 
features of the Upper Arenaceous Zone, the prominent member 
of which is the quartzite, to which reference has already been 
made; in this zone I have hitherto included the Blair Atholl 
Limestone, but it may be better in the future to place it at the 
top of the Upper Argillaceous Zone. It must be clearly kept in 

^ On the Geological Structure of the Southern Grampians, Quart. Jfotirn, 
GeoL Soc.^ vol. xix., p. 201, 1863. 
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mind, that though I have divided off the schists of the High- 
lands into a series of zones, it must not be forgotten that they 
belong stratigraphically and physically to one great group of 
sediments, which pass into one another without any break, the 
only evidence of any break of importance being that which 
occurs at the base of the quartzite group about to be 
described. 

The quartzites and gneisses of Moine type which constitute 
our Upper Arenaceous Zone have been traced north-eastwards 
from the islands of Islay and Jura to the shores of Loch Awe on 
the mainland, from whence they spread over the whole of the 
region lying between the Caledonian Canal on the west, and a 
boundary line constituted by the northern limit of the Upper 
Argillaceous Zone on the east. I am not at present in a position to 
speak with any degree of assurance regarding the whole of this 
area, as I have not had an opportunity of examining it in any 
detail, but it seems to me that the quartzites which cover such a 
large part of it are undoubtedly those of Glen Lyon, 
Schichallion, and Ben-Y-Ghloe repeated over the whole of the area 
by isoclinal folding. The petrol ogical character of the quartzite 
varies considerably in different areas, thus, in some parts, it is 
very fine grained with grey banding, while in others it is more 
massive, the individual grains of felspar and quartz being easily 
discernable by the naked eye, at times it is even pebbly. 

I have already referred to the evidence pointing to the 
existence of a period of local erosion between the schists of the 
Upper Argillaceous Zone and the deposition of the quartzites of 
the Upper Arenaceous Zone. Upon this horizon there appears a 
very interesting deposit known as the boulder bed, which has 
been traced right across the heart of the Grampians from Braemar 
on the east to Islay on the west \ it does not appear to be con- 
tinuous, but makes its appearance here and there, at various 
points. The boulders in the Loch Awe district consist 
principally of quartzite and limestone set in a schistose matrix ; 
these boulders vary in size from mere pebbles up to about two 
feet in diameter. In the Schichallion area according to Mr 
Barrow the boulder bed is made up almost entirely of large 
boulders of granite. 

Associated with these different schist zones, are other schists 
which have originally been intruded into the sedimentary rocks 
-as sills of igneous rock, prior to the general metamorphism of the 
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region. These have suffered along with the clastic rocks and 
are now known as epidiorites and hornblende schists. 

In a paper contributed to the Geological Society of Glasgow in 
the year 1896, the author^ gave an account of that extensive sill of 
basic igneous rock which is so closely associated with the Loch 
Tay Limestone, and is generally seen to outcrop along with the 
limestone. It may be studied near the village of Killin at the 
south-west end of Loch Tay, where it is exposed in several fine 
sections. Along the road which leads to the steamer pier, and 
in the woods of Finlarig, the hornblende schist may be seen in- 
contact with the limestone. At this point the limestone dips- 
towards the north-west at an angle of 45°, and is accompanied 
by this sill of basic rock. As regards the positions of the beds- 
of hornblende schist and epidiorite relative to the Loch Tay 
Limestone it would be somewhat difficult to speak with any 
degree of certainty. Thus, in the section of the limestone seen^ 
in the bed of the Dochart, and referred to in a previous part of 
this paper, a sill of hornblende schist appears as if interbedded 
with the limestone, or if it be regarded as intrusive, it has lime- 
stone on both sides of it. 

Another sill appears to run parallel with the pier road, having 
limestone both above and below it. Apparently above this sill 
runs a second sill, which outcrops behind Finlarig farmhouse ;. 
while, still higher up the mountain side what appears to be a 
third sill marks the line of junction between the limestone and 
garnetiferous schists above. The extent to which these different 
outcrops may represent separate and different intrusions is a 
matter which it would as yet be premature to discuss, until I 
have reached some data as to the extent to which these rocks- 
have been folded. That they have been folded and that to a 
considerable extent may be assumed as without any doubt, and it 
is highly probable that if we could determine the extent of this 
folding we should be able to identify several beds, which now 
appear to be separate intrusions. On the other hand, if we 
keep in mind that these rocks were originally intruded as sills, 
it ought not to surprise us that in examining sections along 
the strike of the beds it should be found that they vary con- 
siderably both in number and size. We would naturally expect 
one sill to die out and be replaced by a clastic schist, while 

^ Trans, GeoL Soc. Glasgow y vol. x., p. 302. 
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another sill would appear upon a horizon slightly higher or lower 
than the one last traced. 

The relationship of these sills of altered basic rock to the 
limestone may also be well seen along the southern front of 
Sron Clachan at Killin from which point it may be traced to 
the south side of the glen at the head of Glen Ogle. Down 
Glen Ogle various exposures of the basic rock in contact with 
the limestone may be observed. Traced round to Glen Beich 
a fine section of the hornblende schist is exposed at the foot 
of that glen. The limestone and hornblende schist may be 
traced at various points to the head of Glen Beich, where 
some fine sections are exposed showing the hornblende schist 
and limestone traversed by numerous veins of pink quartz felsite. 
An interesting outlier of limestone with its accompanying sill 
of basic rock may be seen on the summit of Meal-na-Creig, a 
mountain situated to the south-east of Ardeonaig. I think 
that there can hardly be any doubt that these masses of basic 
rock have originally been intruded amongst the clastic rocks 
in the form of sills. At certain points as in Finlarig wood, 
Killin, they gave evidence of contact metamorphism. At places 
in the same locality they appear to transgress the clastic schists 
with which they are associated. As I have already said the 
whole aspect of these rocks has led me to the conclusion that 
they are of the nature of sills of basic igneous rock, which have 
found their way along lines of junction between the clastic schists. 
So completely, however, has the subsequent metamorphism rolled 
out and welded these rocks into one another that it becomes 
exceedingly difificult, if not impossible, to determine what their 
original relationship might have been. 

The sills of altered basic rock which I have just described as 
being associated with the Loch Tay Limestone have been traced 
in a similar association right across the whole of the Southern 
Grampians. Thus in the north and north-west parts of Cowal 
they can be followed along with the Loch Tay Limestone from 
Kilfinnan Bay by Glendaruel to the head of Loch Fyne, from 
which point they can be traced down Glen Dochert, into the 
region where they have just been described. From the east end 
of Loch Tay they can be traced down Strath Tay and eastwards 
through Forfar and Kincardineshire. These basic intrusions are 
also very numerous in the clastic schists immediately above 
and below the Loch Tay Limestone ; they occur for instance in 

VOL. xxxiv. N 
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great numbers in the Upper Argillaceous and Upper Arenaceous 
Zones in Knapdale. In the Pass of Killiecrankie a sill of 
hornblende schist with large garnets, has been intruded between 
the base of the quartzite and the underlying black schist ; the 
sill has been folded again and again with the quartzite. Mr 
Barrow has pointed out a large flattened laccolite on Ben Vrackie 
above Pitlochry, which he believes to be the source of at least 
one of the numerous sills seen in that neighbourhood. It has 
often occurred to me that the large mass of epidiorite seen near 
the summit of Craig-na-Caillich above Killin, might possibly be 
the source of many of the sills seen in that region. 

There is a general similarity of appearance in most of these 
altered basic rocks. Macroscopically a specimen of typical 
hornblende schist is seen to be made of alternating foliae of light 
and dark coloured minerals which, under the microscope, are seen 
to be felspar and hornblende. When the rock is highly foliated 
and shows a well marked schistose structure, indicating that it 
has undergone a more or less intense metamorphism, the 
crystals of felspar have been broken down and exhibit a granular 
appearance. The hornblende appears in long prism-shaped forms 
with the longer axes of the prisms oriented parallel to the general 
schistosity of the mass. In some instances these hornblende 
schists exhibit a finely banded structure of alternating basic and 
acid material, the more acid portions being mainly composed of 
granular felspar without hornblende, while the basic bands are 
almost entirely composed of hornblende. It would be difficult to 
decide whether we have here an original flow structure in the 
intrusive rock, or whether the banding has been produced by the 
shearing out of a heterogenous mass as advanced by Mr Teall. 

Having thus described the geographical extent and leading 
petrological features of the different schist zones which constitute 
the Grampian geosynclinal, I now propose to briefly discuss their 
probable succession, thickness, and position in the geological 
scale — three very difficult questions, which I am afraid can only be 
answered in a very tentative manner. As regards the succession 
of the schist zones, I think we are standing on fairly solid ground 
in maintaining that it is an ascending one from the Lower 
Argillaceous Zone to the Upper Arenaceous Zone; this will, 
however, be better appreciated after we have examined the 
structure of the Grampians. In the meantime it might be pointed 
out that as the rocks constituting the Lower Argillaceous Zone 
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only appear in a narrow band across the Highland frontier, and 
do not re-appear in the interior, it seems most likely that they are 
overlain by the other schist zones. Attempts have been made to 
correlate the Upper Argillaceous Zone, with the Lower 
Argillaceous Zone, but this I am afraid cannot be maintained, 
great difficulties lying in the way of accounting for the position of 
the other schist zones, which lie between them, while the litho- 
logical character of the •two zones are quite distinct. That the 
slates of the Lower Argillaceous Zone pass below the Ben Ledi 
grits seems to be further supported by a fact recently pointed out 
to me by Mr A. I^. Du Toit. He says that, in examining the records 
for the tunnel section of the Glasgow Water Works, he has 
found that in several cases the bands of grit which are mapped 
in the surface have no representatives in the tunnel section from 
which he concludes that they are only shallow outliers in the 
the lower slate series. The whole structure of the ground 
between the great axial line of folding and the boundary fault 
points I think quite conclusively to the succession adopted in 
this paper being the correct one. Thus we see the different 
schist zones coming apparently from beneath the great axial 
line of folding in simple outcrops and being repeated in outliers 
between it and the great boundary fault. Again we have no 
evidence of the existence in this area pf such great lines of 
dislocation as we find in the north-west, which would tend to 
obscure and complicate the succession. So that though the 
rocks have been extensively folded and refolded upon themselves, 
yet no actual rupturing has taken place, from which I conclude 
that if once the general structure of this ground was unravelled 
and the character of the folding understood, we should stand on 
fairly solid ground regarding the order of succession. 

The actual thickness of the different schist zones is also a 
point which might be better discussed after we have examined 
the structure of this region, in the meantime I may simply state 
that the idea generally prevalent, up to a comparatively recent 
time, which maintained that we had an enormous thickness of 
schists in the Grampian geosynclinal, has been gradually 
abandoned, now that the structure of the ground is being better 
understood, we see that a very rhin bed, or series of beds, may 
be so folded upon themselves and this folding may of such a 
character as to deceive one into the idea that we are dealing 
with thousands of feet of strata, whereas in reality the bed may 
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not be any more than fifty or sixty feet thick. At present I am 
not in a position to give the actual thickness of the different 
schist zones. Nor can I see how this is to be accomplished 
without a very minute survey upon a large scale ; perhaps the 
officers of the Geological Survey may be able to throw some 
light upon this important subject, now that they recognise the 
existence of extensive folding, repeating comparatively thin beds. 
An interesting paragraph in this connectiqp may be quoted from 
the Survey Report for last year. (In referring to one of the 
members of the Upper Arenaceous Zone, a band of porous 
quartzite which runs through Ben-y-Ghloe,) as follows : — " Now 
the band, according to Mr Barrow's observations, runs through 
almost every great quartzite mountain, and the evidence suggests 
that these three zones together form the greater part of the 
original mass. Ben-y-Ghloe is formed of quartzite folded in 
itself to the exclusion of every other rock, the folds in this 
mountain are 2,400 feet deep at least, and there is not a bend 
or buckle in the folds, while the bedding planes and limbs of 
the folds have a persistent dip of 60° for nearly two miles. 
Here then a thin bed of quartzite has been folded and refolded 
upon itself, to such an extent as to form a mountain like Ben- 
y-Ghloe ; both the limbs of the isoclinal folds dip in the same 
direction at high angles without any evidence of minor folding ; 
and we have a mountain apparently built up of thousands of feet 
of strata whereas according to Mr Barrow they may not be more 
than twenty or thirty feet thick. Other equally striking examples 
of similar phenomena will be given in a subsequent part of this 
paper. 

I pass now to what is admittedly the most difficult problem in 
connection with these schists of which the Grampians are built, 
pamely, their age or position in the geological scale. So obscure 
does this subject yet appear to be that I would almost prefer to 
pass it over in silence. The great difficulty arises of course out 
of the fact that, as yet, no organic remains have been found in 
these highly altered sediments with the exception of the 
annelid tubes referred to, and which, I am afraid, cannot be 
considered of much value in helping towards a solution of this 
problem. That they are older than the Lower Old Red Sand- 
stone, which lies to the south of the boundary fault, or which has 
been found here, and their resting unconformably upon the 
schists, is made evident by the fact that the Old Red Sandstone 
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conglomerates are often found to be made up of fragments of the 
older schistose rocks. Certain beds of conglomerate found in the 
Upper Silurian rocks of the South of Scotland have evidently 
been derived from the schists of the Highlands, which of course 
proves that the schists of the Highlands are not only older than 
these beds, but also that the metamorphism of the sediments 
of the Grampian geosynclinal, and the upheaval of the 
Grampian geanticlinal must have taken place at an earlier period 
than the deposition if these Lower Old Red Sandstone or Upper 
Silurian deposits. But to what exact part of the early Palaeozoic 
period these schists belong, and whether they may be Archaean, 
is a point which cannot at present be determined. If the schists 
of Moine type which occur in the Upper Arenaceous Zone could 
be definitely correlated with those of Sutherlandshire, and if the 
foregoing succession could be established with any degree of 
certainty, this would make all the other schist zones of a still older 
age than the Moine schists. The question, of course, still 
remains, what is the age of the Moine schists ? And to this it 
does not seem at present that we can give a very definite answer. 
That the Moine schists were originally of sedimentary origin 
seems to be highly probable, as is evidenced by their peculiar 
granulitic structure and the occasional traces of colour banding 
and false bedding, but no definite information has yet been 
obtained regarding their true stratigraphical position. According 
to the Survey, the Torridon sandstones may have supplied the 
materials for the formation of these schists, and also that Cambrian 
or even later sediments may have entered into the composition 
of the Moine schists. It will, of course, be seen that these 
arguments are based on the assumption that the similarity of 
petrological character indicates the identity of the two groups of 
schists. How far this may be relied upon is a matter of opinion. 
All that we can say is that it seems probable that they are 
identical, and that the Moine schists form an integral part of the 
altered sediments which constitute the Grampian geanticlinal.^ 

Along the Highland frontier and immediately to the north- 
west of the great boundary fault, there occurs a remarkable group 



^ I have long suspected that the Moine schists of the North-west Highlands 
may turn out to be of Archaean age. Could it be shown that the schists of 
Moine type which occur in the Upper Arenaceous Zone were really the 
equivalents of those of the North-west, then this would give a very high 
antiquity to the schists of the Southern Grampians. 
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of rocks which the Geological Survey consider to be of Arenig 
age, and which are in fact identical with a similar group of rocks 
containing Arenig fossils found in the south of Scotland. The 
identification of the rocks seen along the Highland frontier with 
those of the Southern Uplands is however entirely dependant 
upon the similarity of their petrological characters, as no fossils 
have yet been found in the Highland rocks. Geographically this 
narrow zone of rocks (for it is not anywhere more than a mile in 
width,) has been traced from the Island of Arran, right across the 
Highland frontier into Kincardineshire. It does not appear as a 
continuous belt, as it is entirely awanting at certain places where 
the crystalline schists of the interior and the later Palaeozoic 
rocks abut against one another. It may thus be said to appear 
in lenticular strips at intervals separated by the crystalline schists. 
Tracing these rocks from west to east we find them exposed in 
North Glen Sannox in the Island of Arran. Crossing to the 
mainland, no exposure has as yet been found till we pass to the east 
side of Loch Lomond, from whence a continuous belt has been 
traced from Gualann Hill north-westwards by the Kelty Water, 
Clashmore, Arndrum, Aberfoil, Loch Venachar, and the Pass qf 
Leny. I am not aware that these rocks have as yet been 
detected till we pass into Forfarshire, where they extend from 
Cortachy to about a mile beyond Clattering Bridge in Kin- 
cardineshire. They again appear to the north of Drumtochty 
Castle, from whence they stretch to the Braes of Bervie. 

In Glen Sannox this belt of supposed Arenig rocks consists of 
black shales or schists, associated with volcanic rocks, which are 
found to be interbedded with the aforementioned sediments, and 
some of which may be intrusive in them, the black shales have 
been folded to a considerable extent and cleaved. The cherts 
have also been folded and granulitized. The igneous rocks 
accompanying these sediments have suffered deformation, and 
may now be classed as epidiorites, a volcanic agglomerate has 
has also been found in association with these rocks. As a whole, 
these rocks of supposed Arenig age do not appear to be less 
altered than the schists of the ordinary Highland type which 
accompany them. In the Island of Arran this supposed Arenig 
belt is seen to be flanked on either side by schistoze grits of the 
character already described as seen along the Highland frontier, 
they dip towards the east or east-south-east at high angles. Thus 
giving the Arenig belt the appearance of being intercalated 
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between and forming an integral part of the Highland series. As 
they all dip towards the south-east, the Arenig belt thus appears to 
overlie the schists of the interior. No reliance, however, can be 
placed upon this apparent order of succession, as we will see 
that to the east of Loch Lomond it is reversed, the whole series 
apparently dipping beneath the schists of the interior. Nor has 
any evidence been found in the Island of Arran which would 
justify the separation of the supposed Arenig belt from the crystal- 
line schists of the Highlands. 

Crossing now to the belt exposed between Loch Lomond and 
the Pass of Leny, we find a somewhat similar series of rocks to 
that described as occurring in the Island of Arran, emerging from 
beneath the Upper Old Red Sandstone outlier of Gualann Hill 
they consist of black shales, cherts, and grits, with accompanying 
beds of altered basic rocks ; the shales are occasionally graphitic 
and are sometimes veined with quartz. The cherts are of a 
dark grey colour, and reddish flinty bands occur at places. They 
have been searched for fossils but no undoubted organic remains 
have as yet been found in them. Forms resembling radiolaria 
have been detected in the cherts, while Professor Lap worth has 
described certain markings from the black shales of the Kilmahog 
quarries in the Pass of Leny as " shadows " of graptolites. The 
cherts are usually found interbedded with the shales in thin beds 
not reaching more than two inches in thickness. As I have 
already remarked they have suffered considerable folding, the 
black shales and cherts can be well seen between Corrie Burn 
and the Kelty Water, also in the bed of the stream to the south 
of Dungarrow. The altered basic rocks in this area consist of 
hornblende schists, which in addition to hornblende and felspar 
contain a considerable quantity of epidote ; the rock is fine 
grained and markedly schistose, and in many places the foliation 
planes have themselves been folded. 

In the Forfarshire and Kincardineshire area Mr Barrow has 
divided the rocks of this problematical zone into two groups {a) 
The Jasper and Green Rock series, and (b) the Margie series. 
The Jasper and Green Rock series apparently belong to the same 
group as already described, and which are simply an eastern prolonga- 
tion of them. This group, Mr Barrow considers to be identical 
\vith the Arenig cherts and shales of the south of Scotland. The 
Margie series are regarded by him as being younger, as a green 
conglomerate at their base contains fragments of the Jasper and 
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Green Bed series. From this and the fact that the Margie series 
are overlain unconformably by rocks of Lower Old Red Sand- 
stone age, he concludes that the Margie series must be of 
Silurian age though later than Arenig times. After a careful 
examination of these rocks, Mr Barrow, has arrived at the con- 
clusion that they are everywhere separated from the crystalline 
schists of the Highlands by a line of thrust, and that the 
appearance of an upward succession is entirely deceptive. As I 
have not examined the area described by Mr Barrow, I am not 
in a position to criticise his conclusion. But I ought to state 
that I have hitherto been unable to find any definite reason to 
justify the separation bf the black shales, cherts, and grits, seen 
in the area between Loch Lomond and the Pass of Leny from the 
crystalline schists which accompany them. 

The whole problem of the relationship of this belt of rocks is 
at present in a very unsettled condition, and though they 
undoubtedly present a striking resemblance to the Arenig rocks 
of the Southern Uplands, yet in the entire absence of fossils it 
is, perhaps, as well not to press the actual identity of the two 
formations. Could their Arenig age be established it would 
modify to a considerable extent our present conception of the 
history of the Grampian mountain chain, but it would be 
entirely useless to discuss this in the present unsettled state of 
the subject. 

Throughout the whole of the Grampians we find that these 
schists of sedimentary origin have been invaded by later intrusive 
igneous masses, most of which appear to be later in time than the 
movements which plicated the schists into their present position, 
though in several areas these igneous rocks have been foliated, 
thus showing that they are of different ages, and that the earlier 
intrusion took place before the crustal movements which plicated 
the schists had entirely ceased. 

One of the most striking features of these later intrusive masses, 
and one which has been recognised for a considerable period, is 
the association together in one plutonic mass of rocks of widely 
different petrological types. Thus at Cairn Chois in Glen 
Leadnock we have a granite and diorite intimately connected with 
one another ; at Tomnadashan a similar relation is seen to exist 
between a granite and mica- diorite. Perhaps the best known 
example, however, is that seen near the head of Loch Lomond, 
and on the high ground between it and Loch Fyne. In an inter- 
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^sting paper by Messrs J. R. Dakyns and J. J. H. Teall, published 
in the Quarterly Journal of the Geological Society for the year 
1892, it has been shown that in this area we have a plutonic 
complex, in which the rocks graduate from granite, through an 
intermediate series, into rocks of an ultra basic type, and that they 
<:annot be looked upon as indicating distinct and separate 
intrusions, but on the contrary, they prove that these various types 
have been seggregate out from the same magma. 

I have no intention, however, of entering into a detailed 
description of these rocks; at present many difficult questions 
surround them, as for instance their exact age, and their probable 
connection with any known period of volcanism. It will be 
remembered that Professor Judd, in his second paper upon the 
Secondary rocks of Scotland, brought forward the view that these 
plutonic rocks were but the roots of volcanoes laid bare through 
extensive denudation, and that he attempted to connect them with 
the volcanic products of Lower Old Red Sandstone age. If this 
could be established, and it seems to me to be highly probable, it 
would add another highly interesting chapter to the history 
of the Grampian mountain chain. 

Having thus examined the different rocks which enter into the 
composition of the Grampian massive, we have seen that the bulk 
of them consist of highly altered sediments, which were accumu- 
lated at the bottom of some ancient sea floor; so completely, 
however, have these rocks been altered by the causes about to be 
described, that in many cases all traces of their original clastic 
structure have been destroyed, and no fossil has been left in them 
to reveal their age, or the conditions under which they were 
accumulated. I have also shown that it is highly probable that 
rocks of widely different ages may have entered into the formation 
of the Grampians, and that their structure may be much more 
complicated than we at the present moment suppose it to be. 

IV. The Grampian Geanticlinal. 

Turning now to a consideration of the structure and develop- 
ment of the Grampian geanticlinal, I propose in the first place to 
briefly examine some of the first principles of mountain building 
as developed by Professor Heim and Professor Lapworth. The 
evidence derived from the study of the Grampian geosynclinal 
shows us that for a long period the site now occupied by the 
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Grampians had been covered by the sea, and that a considerable 
extent of sediments, consisting of shales, sandstones, grits, con- 
glomerates, and limestones, had been slowly accumulated. These 
sediments would of course be accumulated in a more or less 
horizontal position, as the trough in which they were formed 
would be comparatively shallow. A time would eventually ensue 
when the sinking of the geosynclinal would be arrested, and the 
strata of which it was formed would be forced upwards. I do not 
here propose to make any detailed inquiry into the nature of the 
forces which produced this elevation and plication of the original 
horizontal strata, but assuming that the crust of the earth is in a 
constant state of compression, and that this compression, steadily 
acting upon the mass of accumulated sediments, would set up a 
series of tangential thrusts, it would eventually plicate the 
strata into innumerable arches and troughs. As a consequence of 
this folding of the strata the rocks would be jammed up into a 
much narrower horizontal space than that which they originally 
occupied, the character of the folding, of course, depending upon 
the pressure ; where the pressure had been comparatively slight, 
the folding would also be comparatively simple. In the heart of 
the mountain chain, where the pressure had reached its maximum 
of intensity, the folding would be much more acute, inversion 
and reversed faults would be produced, and all the phenomena 
seen in such highly convoluted mountain regions would be 
developed. 

Another result of the plication of these rocks is, of course, the 
extensive dynamic metamorphism which they everywhere exhibit. 
Like the folding, the intensity of the metamorphism would vary 
according to the amount of pressure to which any particular area 
had been subjected ; towards the core of the geanticlinal, and 
where extensive folding and crushing had taken place, a corres- 
ponding increase in the metamorphism would naturally be looked 
for, and it would be found that the rocks in this particular area 
had become more completely deformed than those in which the 
pressure had been less intense ; secondary, tertiary, and even 
quaternary structures would be developed, while such secondary 
minerals, as garnets, mica, hornblende, apatite, etc., would be 
produced. 

Beginning then with the assumption that the strata forming the 
Grampian geosynclinal had been laid down in a more or less- 
horizontal position, we find that, owing to a series of tangential 



Peter Macnair on The Building of the Grafnpians, 20S 

thrusts and counter-thrusts, the original horizontal strata has been 
bent into a number of folds. Where pressure has been slight 
these folds belong to a simple type, though I question whether any 
of those simple forms. of folding are to be seen in the Grampians, 
nevertheless, as it is likely that the present more complex folding 
may have originated in the simpler types, the latter ought to be 
first described. Fig. i represents a fold of the simplest type, it 
is seen to consist of two opposite and symmetrical members, 
respectively known as the upward bend or arch, and the down- 
ward bend or trough, the part connecting the arch and trough 
being designated the middle limb ; the crest of the upward fold is 
called the arch bend, while the corresponding part in the downward 
fold is named the trough bend ; the other parts of the fold such as 
the arch limb, and arch core, trough limb and trough core, will be 
best understood by a reference to Fig. i. 

Where the pressure has been comparatively slight, folds of the 
type just described would be produced, in which the axes of the 
folds would be approximately vertical, and whose beds dip in 
opposite directions. These have been designated normal flexures 
or amphiplexes, and the strata bent in this simple form orthoclinic, 
or amphiclinic strata. 

With an increase of the lateral pressure, these simple anticlinals 
and synclinals become crushed together, and, as a consequence, 
the former horizontal extension of the beds becomes very much 
diminished, but what they lose in extent they gain in height, and 
as the beds gradually rise, a long and lofty ridge would be formed, 
the major fold forming the crest of this great axial line of folding, 
and the minor harmonic folds forming the flanks. 

Towards the outskirts of such a great central ridge of folding 
the strata would remain comparatively undisturbed, for here the 
outward and inward thrusts may be considered as equal, and so 
the resulting folds would be of a simple amphiplexal type. Pro- 
ceeding towards the centre of such a great axial line in the folding, 
we find that while the inward thrust remains the same, the outward 
thrust has become more intense, owing to the gravity of the 
superincumbent mass ; consequently we have two unequal forces 
acting in opposite directions, the weaker one pressing inwards 
towards the central axis, the stronger pressing outwards away from 
the central axis. The result is that the axes of the folds no longer 
occupy a perpendicular position, but slope obliquely outwards, 
having been pushed over, as it were, by the stronger thrust. In 
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this way what is well known as the fan-shaped structure or 
Structure en Eventail^ has been produced. 

The mechanism of the ridging up of such originally horizontal 
strata into a fan-shaped mountain structure, and the production 
of the different types of overfolding has been developed in much 
detail by Professor Heim in his classic work, " The Mechanismus 
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der Gebirgsbilding." The simple type of fold has already been 
described, I now pass to consider how the different types of 
overfolding have been produced. With an increasing pressure 
the middle limb is made to rotate, and gradually assumes a 
position normal to the direction of the thrust, with a continual 
pressure the arch rises and the trough sinks, the middle limb 
passes beyond the vertical, becoming inverted, so that the trough 
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curve is brought below the arch curve, and an overfold is pro- 
duced. As a rule, we usually find in this simple type of the 
overfold, that the central parts of the fold have been squeezed 
thinner, while the main curves have been thickened, the pro- 
portional length of the limbs, however, generally remain the same. 
This type of overfold is shown in Fig. 2. 

When in the production of such an overfold the middle limb is 
comparatively short, so that its increased breadth is not sufficient 
to withstand the compressing force, a different structure is set up 
in the fold. In this case, the arch limb giving way in an upward 
direction, and the trough limb in a downward direction, both of 
these limbs suffer from the horozontal thrust only, but the middle 
limb lying between 'the arch limb and trough limb is, so wedged 
in between those masses, moving in opposite directions, that it 
suffers a rolling out or mangling process, and thereby becomes 
longer. Fig. 3. 

As the strata which constitute the fold gradually give way 
under the increasing pressure, there will be a flow of the particles 
at the crest of the fold downwards towards the thinned middle 
limb. A similar movement takes place in the trough limb, the 
end of which is dragged upwards, being much thinned at the 
middle limb. 

On the convex or outside parts of the arch and trough-curves there 
is a continual tendency of the particles to flow to the constantly 
lengthening middle limb ; on the concave or inside parts of these 
curves there is a corresponding movement from the centre of the 
middle limb towards the apices of the curves. The geologically 
younger beds of the folding system (/.^., the parts within the arch 
and trough axes), move downwards below the under side of the 
middle limb ; the geologically older beds glide upwards above the 
upper side of the middle limb. But these changes of position of 
the particles can never proceed, however, so quickly as the 
advancing movement of the over-riding and underthrust masses, 
for they have merely been rolled and dragged along by the latter. 

" Through the rolling out process described above, the mass of 
strata dragged over the arch bend grows thinner and thinner, the 
greater its distance becomes from the overturning brow of the 
arch. In the same way, the lower portion of the middle limb 
which feeds itself from the trough limb by dragging particles 
upwards, rolls out thinner and thinner the further it becomes 
removed from the trough bend. Between both these regions, the 
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precise spot where the middle limb is at its weakest marks the 
special point where, in the original formation of the i nclined fold, 
the curve between arch and curve originally chan ged direction, 
and which has, therefore, experienced for the longest to the 
rolling and dragging out action in both directions. 

" Whilst in the first type of inclined fold described, a piece of 
strata corresponding with the width between the trough limb and 
the arch limb, is predestined from the very beginning to be the 
later middle limb of the inclined fold ; in this second type, the 
middle limb originates in great measure by the gradual curving 
round and rolling out of pieces of the two side limbs. During 
the infancy of the fold the particles eventually composing the 
middle limb were mostly portions of the lateral limbs, and under- 
went a mechanical transformation in their gradual transition into 
the middle limb. It is evident that the zones of strata which 
were thus dragged by the two side limbs into the central limb 
have, when combined, a collective breadth necessarily much 
inferior to that of the middle limb, which has been rolled out of 
this material." 

A third type of overfold may originate when the rolling out has 
gone so far that the middle limb becomes completely sheared 
out, and a surface of dislocation takes its place, pioducing what 
is known as an overfault. I have thus availed myself largely of 
Professor Lapworth's resume of the development of reflexed folds 
as given by Heim in his great work. Professor Lapworth remarks 
that no one who has studied this subject can doubt their general 
correctness, and my apology, if such were needed, for quoting so 
largely from Professor Lapworth's paper, is simply this : that I 
think if these principles be applied to an explanation of the 
mountain structures seen in the Grampians, they afford so far as 
I can judge, the most satisfactory and most complete explanation 
of them that has yet been advanced.^ 

In the succeeding part of this paper I hope to be able to show 
that the strata of the different schist zones which have already 
been described are generally arranged in a great series of inverted 
folds of the types just described. In these folds, as we have seen, 
both the limbs hade in the one direction. Sometimes the axes 
of these folds may be vertical, or they may make angles of any 
degree with the horizon. It will be evident that by the repetition 

. . a, 

^ Secret of the Highlands, Geological Magazine^ vol. x., page 337, 1883. 
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of such a series of isoclinal folds, a very thin bed may be made 
to spread over a great area, and present the appearance of a 
massive formation of great thickness. 

As we have already seen, these minor folds may often be com- 
bined into one great or major fold, when the axial planes are 
vertical in the centre and dip inwards towards one another on 
either side, they form the fan structure of Heim, the Anticlinorium 
of Dana, and the endocline of Lapworth, when extensive 
denudation has removed the greater part of such a structure, the 
strata on each side will appear to dip towards one another in a 
simple synclinal arrangement, which would of course seem entirely 
deceptive in this condition. Such a structure has been termed a 
pseudo-syncline, and its appearance is shown in Fig. 4. 

The complement of such a fan-shaped structure, or the region 
lying between two such structures, or the synclinorium of Dana 
and the exocline of Lapworth would present a series of isoclinal 
folds whose axial planes would be vertical in the centre, but would 
dip away from one another on each side of the central axis. In 
highly denuded strata such an arrangement would appear as a 
simple anticlinal, which, like the former case, would be entirely 
deceptive, thence such an arrangement has been called a pseudo- 
anticline. Fig. 4. 

Turning now to an application of these principles to the structures 
seen in the Grampians, I may state at the outset that it is now a 
considerable number of years since I first examined the high 
ground lying between Loch Tay and Glen Lyon. In these early 
<iays I adopted the view which is even yet generally prevalent, that 
the schists composing this ridge were arranged in a simple 
synclinal structure, throwing off simple anticlines towards Glen 
Lyon and Loch Tay. Within recent years it has gradually been 
forced upon me that we are dealing, not with a simple trough in a 
great series of symmetrical folds, but that we have here the back 
bone or core of the great geanticlinal, along which the crystalline 
schists of the Highlands were first piled. Little now remains of 
the superstructure of this central core, it has been razed to its very 
foundations. Still it seems to me that the structure of the schists, 
as seen on the Ben Lawers ridge, undoubtedly points to this 
having been the position of the main axis of upheaval of the 
mountain chain. 

Further west the position of this great back bone of schists may 
be traced through the ridge which separates Glen Lochay and 
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Glen Dochert, and into the district of Loch Awe where it can be 
recognised between Loch Fyne and the Sound of Jura. In this 
area the beds which constitute the central ridge or facher belong 
to a horizon higher than those seen in the Loch Tay district. On 
the shores of Loch Fyne and the Sound of Jura the schists of the 
upper Argillaceous zone dip respectively north-west and south east. 
In the area between, the quartzites of the Upper Arenaceous zone 
are arranged in a shallow fan-shaped structure. In crossing this 
area, from Loch Fyne to the Sound of Jura, the quartzites are 
found to succeed the Ardrishaig phyllites dipping towards the 
north-west the axes of the folds become gradually steeper and 
steeper, till they reach a line parallel with the main axis of Loch 
Awe, where they become vertical from this point, and towards the 
Sound of Jura the dip of the axes of the folds is now to the 
south-east at a gradually lessening angle, till they reach the Sound 
of Jura. 

The only officer of the Geological Survey, so far as I know, who 
has recognised the existence of this important structural feature 
in the Grampians, is Mr Cunningham Craig. He refers to its 
existence in the Annual Report of Progress for 1900, at page 24* 
Incidentally, after referring to the " green beds " in the Tay valley 
he says : — This ground lies to the south-eastward of the great 
central axis of folding of the Perthshire and Aberdeenshire High- 
lands, so that only a part of one side of the facher or fan-structure 
is represented." It seems to me that no better ground could be 
found for the study of this highly interesting structure, than the 
ridge north of Loch Tay, and I now propose to describe several 
sections passing from the north side of that ridge right across the 
frontier Highlands to the great boundary fault for the purpose of 
elucidating this important structure. 

By reference to the accompanying sketch-map of the Southern 
Grampians, it will be found that in the region to the north of Loch 
Tay, and between it and Glen I^yon, the schist zones occur in the 
following order, first the Loch Tay limestone, then the Garnetifer- 
ous Schist Zone, then the Upper Argillaceous Zone. Further north 
the Garnetiferous Schist Zone again appears, followed by the Loch 
Tay Limestone Zone. All along the northern side of Loch Tay, 
magnificent sections are exposed in the beds of the streams which 
descend the side of Craig-na-Caillich, Coire Fionn Lairig, Meal 
nan Tarmachan, Beinn Ghlas, and Ben Lawers, and everywhere 
the same general dip towards the north-west holds good, there 
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being an apparent upward succession through limestones, 
garnetiferous schists, phyllites, and quartzites, to the summit of 
the ridge. Now as the dips are often considerable, say at an 
average of 45** near the level of Loch Tay, and increasing towards 
the summit of the ridge till they become vertical, this would give 
an enormous thickness of schists, probably many thousands of 
feet, and certainly far too much to be granted without careful 
examination, and at least some evidence to justify it. 

Numerous fine sections of the Loch Tay limestone, with its 
accompanying sills of epidiorite, are exposed along the base of the 
Ben Lawers ridge from Finlarig near Killin to Cragganruar, where 
it enters the loch, and where it has been cut off by the great fault 
which here crosses the loch. It is impossible to examine any con- 
siderable section in the Loch Tay limestone without being struck 
by the evidence which it gives of having undergone extensive 
folding, none of the other schists being so conspicuously folded as 
the limestone. One can, in fact, scarcely examine the limestone 
at any point without noticing this. Thus the section already re- 
ferred to, as seen by the roadside at Drum-na-Larig, shows very 
clearly the manner in which it has been folded. Perhaps the finest 
example seen in this district, of the extreme folding to which the 
limestone has been subjected, is that on the south side of Loch 
Earn below the falls at Edinample. At this point the Loch Tay 
limestone abuts against the Glen Ample fault at a low angle, and 
it is seen to be plicated into innumerable folds. Besides these 
smaller folds one can scarcely examine what appears to be a com- 
paratively unfolded bed without having his suspicions aroused that 
the simplicity is more apparent than real. For instance, we cannot 
examine any considerable section of the Loch Tay limestone, 
without noticing the presence of cores round which the limestone 
has evidently been folded. From this then it would appear that 
the limestone, besides being plicated into comparatively deep 
isoclinal folds, has also had the limbs of these folds bent into 
minor harmonic folds, which obey the same law of overfolding and 
thinning as the major folds. The thickness of the Loch Tay 
limestone in this district has been estimated at about 30 feet ; and 
as the outcrop may at least be half a mile in many cases on a 
steep hillside, and with an apparent dip of about 45°, it will be 
seen that this necessitates a considerable folding of the bed to 
account for its apparent thickness. 

In the recently published geological map of this district, sheet 
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46, an outcrop of limestone is given as occurring in the bed of 
the Alt Tir Artair, and north-west of Meall Liath, it also appears 
near the 1,600 feet contour line in the stream which descends 
Craig-na Caillich, the outcrop of this limestone is thus well within 
the garnetiferous schists. I have not seen this outcrop, and cannot 
say whether it may simple be Loch Tay limestone brought in 
again by folding, or whether it represents a bed higher in the 
series. The upper boundary line of the Loch Tay limestone can 
be pretty accurately traced, and as a rule there are no exposures 
to be found above a definite line. From this, one would assume 
that the folding of the limestone has been pretty equable over 
large areas. 

Succeeding the Loch Tay limestone, and evidently lying above 
it, we have the Garnetiferous Schist Zone ; but here the ground is 
even more difficult as these schists do not present to the eye the 
same amount of folding as is seen in the limestone. The reason 
of this may simply be that there is not the same amount of 
minor folding in the limbs of the isoclines as appears in the 
limestones. After having ascended the hillside for some distance, 
the limestone disappears and the garnetiferous mica schists come 
on. Like the limestones beneath they have the same steady 
north-west dip. No data seem available for the differentiation of 
these schists into separate well-marked beds. Once you cross 
the upper limit of the limestone no definite horizon can be found 
till the phyllites of the Upper Argillaceous Zone are reached. 
Now, the question again arises whether we have here a 
•continuous succession of schists representing, a great thickness of 
rock, or whether, on the other hand, the beds have been repeatedly 
folded upon one another. I am afraid we have not yet got 
sufficent data to solve this problem, but the latter view seems to 
be the most likely one. Above the garnetiferous schists and 
lying conformably upon them, comes the phyllites, then schistose 
quartzites and greywackes of the Upper Argillaceous Zone. This 
group gives evidence of intense folding, the character of the 
folding being well seen in many of the bare escarpments which 
occur along the summits of the ridge from Craig-na-Caillich to 
Ben Lawers, and in which the schists are clearly seen to be 
plicated into a series of isoclinal folds with their axes hading 
towards the north-west. Proceeding down the other side of the 
ridge towards Glen Lyon, the schist zones are found to outcrop 
in exactly the same relative order ; but the axes of the folds dip 



Peter Macnair on The Building of the Grampians. 211 

in the reverse direction, namely, to the south-east instead of the 
north west. 

In the first place let us describe a horizontal section taken 
across the line CD in the sketch map, beginning at Glen Lyon and 
passing through Craig-na-Caillich, the western end of Loch Tay, 
the Eildreach between Loch Tay and Loch Earn, thence crossing 
;the head of Loch Earn and passing through Sttic a Chroin to the 
boundary fault on the Kelty Water. 

From an inspection of this section it will be seen that the rocks 
forming the ridge to the north of Loch Tay have been plicated 
into a fan-shaped structure, in which the folds on the south-side 
of the ridge have their axes hading towards the north-west, while 
those on the north-side hade towards the south-east, those in 
the centre being in a vertical position. From this, one would 
infer that we have here a great axis of plication from which the 
pushing forces have extended themselves outwards in, a north- 
easterly and south-westerly direction. We may now trace the 
section towards the south-east, as far as the great boundary fault, 
and note the general effect of the plicating forces in that direction. 
Near the summit of the ridge, as we have already observed, the 
schistose phyllites and quartzites are seen to be plicated into a 
series of isoclinal folds, whose axes are in a vertical position. 
Proceeding down the hill and towards the south-east the axes of 
the folds become more and more inclined towards the north-west. 
When about half way down, the Garnetiferous Schist Zone comes 
out from beneath the Upper Argillaceous Zone, the beds being 
folded in a similar manner and with the axes of the folds dipping 
towards the north-west at an angle of about 45°. From beneath 
the garnetiferous schists, and near the foot of the mountain, comes 
the Loch Tay limestone in which the character of the folding is 
more clearly seen. 

From below the limestones there outcrops a group of flaggy 
schists, well exposed in the bed of the Dochart at the Falls, and in 
the lower reaches of the Alt-an-Sliab, behind Auchmore. They 
probably belong to a horizon lower than the limestone, and occupy 
the whole of the bed of the Alt-an-Sliab, from its junction with 
the loch up to near the 1,000 feet contour line. Unlike the 
schists lying immediately above the limestone they contain few 
garnets or are almost destitute of them. In the lower reaches of 
the Alt-an-Sliab they dip north-west, and probably continue across 
the loch ; traced up the stream the dip gradually lessens till they 
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become quite flat. About half a mile above the junction of the 
Alt-an-Sliab and the Alt-ant-Socaich, the Loch Tay limestone 
again comes on, and I have drawn it as conformably overlying the 
schists just described, and as underlying the garnetiferous schists 
which form the main bulk of Ben Leathan and the Eildreach at 
higher levels. The garnetiferous schists have also been drawn as 
plicated into a series of isoclinal folds with axes in an almost 
horizontal position. When I first examined this ground I con- 
sidered that we had here a great thickness of schists ; but, for 
reasons already given, I have also shown this part of the section 
as having been extensively folded. Some very instructive sections 
may also be seen in Glen Ogle, where the limbs of the isoclinal 
folds are themselves occasionally folded. At Dalreich on the 
northern shore of Loch Earn, the Loch Tay limestone comes 
out from beneath the schists accompanied by the epidiorite. 
Crossing Loch Earn the limestone again appears at the foot of 
Glen Ample dipping at a low angle to the south-east, and abutting 
against the great fault, which, passing down Glen Ample, crosses 
Loch Earn at this point. On the east side of this fault, we pass 
on to the Ben Ledi grits of the Lower Arenaceous Zone which 
form the main mass of Stuc-a-Chroin, and Ben Vorlich and which 
have been plicated into isoclinal folds with the axes generally 
dipping towards the north-west. Near the summit of Stuc-a- 
Chroin, and in the bed of the Alt-a-Choire Fhuadaraieh, an 
outlier of the green beds is seen folded in with the Ben Ledi 
grits. The main outcrop of the green beds in this section has 
evidently been cut out by the powerful fault already referred to. 
From Struc-a-Chroin the section passes to the east of Meall-na- 
Caora, and crosses the Ben Ledi grits, the axes of the folding 
gradually rising as we approach the Highland border. From 
beneath the Ben Ledi grits, emerge the shales of the Lower 
Argillaceous Zone, which are succeeded to the south by a series of 
grits, which in their turn appear to pass into the black slates and 
limestones of supposed Arenig age. Near Luirgeann the great 
boundary fault throws down the basal conglomerates of the Old 
Red Sandstone and their interbedded lavas into a vertical position. 
The next section which I describe is taken about six miles 
to the east of that already given. It passes from Glen Lyon 
across Glen Lawers, Loch Tay, Meall-na-Creig and Ben Chonzie, 
thence down Glen Turret to the boundary fault at Crieff". In the 
bed of the Alt Gleann-Da-Eig north of Lochan-na-Lairig ex- 




f 8 

O lii 



Ed 



!i 



liJ o 

5^ 



CL 



Peter Macnair on The Building of the Grampiafis, 213 

posures may be seen of the Loch Tay limestone and its accom- 
panying epidiorites with the axes of the folds hading towards 
the south-east. Ascending Ben Lawers by the east side of Meall 
Corranaich above the limestones, there comes the garnetiferous 
schists, and then the phyllites and schistose quartzites all dipping 
towards the south-east. At a higher level, a group of black 
shales and grits may be seen in the stream section which evidently 
occupy a horizon higher than the phyllites. As I have already 
observed they are not exposed on the summits further to the 
west, being preserved on the north side of Ben Lawers owing to 
folding being deeper at this point. On the summit of Ben 
Lawers the phyllites and quartzites may be seen in an almost 
vertical position. Descending the south side of the mountain 
the hade of the axes of the isoclinal folds become reversed, being 
now towards the north-west. Numerous fine sections showing 
the garnetiferous schists, the Loch Tay limestone, and the 
epidiorites, and also the schists apparently underlying the lime- 
stone, are to be seen in the Lawers Burn, the Alt-an-Tuim Bhric, 
and other streams descending the south side of the Ben. Crossing 
Loch Tay the limestone is again exposed at Margmore where it 
abuts against the Glen Ample and Glen Beich fault which enters 
the loch at this point. Ascending the Alt Mheine, we cross a 
series of flaggy schists which evidently belong to a horizon lower 
than the Loch Tay limestone, as, at the top of the stream, and 
on the summit of Meall-na-Creig, an outlier of the limestone is 
found capping that mountain. The structural identity of the 
northern part of this section with that of Craig-na-Caillich is 
evident, that part of it lying to the south of Loch Tay and to 
the east of the great fault presents a somewhat different character 
from that of Ben Leathan and Eildreach, this being caused by 
the fault having a considerable down -throw to the west, which 
brings in the lower schists on the east against the Loch Tay 
limestone and garnetiferous schists on the west. In the mean- 
time I class all the schists that appear to be below the Loch Tay 
limestone as belonging to our Lower Arenaceous Zone. To 
what extent these flaggy schists are the equivalents of the grits 
and greywackes, which, further to the south retain their original 
clastic structures, comparatively unaltered, I cannot at present 
say. It is just possible that the grits and greywackes of Ben 
Ledi and Ben Vorlich may have originally passed northwards 
into finer sediments, while the increasing metamorphism in that 



214 Royal Philosophical Society of Glasgow, 

direction would also tend to destroy the original clastic structure. 
Passing down the south side of Meall-na-Creig, the same schists 
appear to come out from beneath the limestone. The dip of the 
axes of the isoclinal folding being somewhat irregular, but appear- 
ing on the whole to be towards the north-west. Crossing the 
summit of Ben Chonzie a gradual decreasing metamorphism can be 
recognised till the rocks of the Lower Argillaceous Zone appear in 
a comparatively unaltered condition. In Glen Turrett the dip of 
the folds is seen to be steadily towards the north-west at gradually 
' increasing angles as we proceed south. About two miles to the 
south of Loch Turret the slates of the Lower Argillaceous Zone 
came from beneath the grits and greywackes. The slates are 
however, soon covered by an outlier of the Lower Old Red 
Sandstone resting uncomformably upon the Crystalline schists 
of the Highlands. To the south of Hosh the Lower Old Red 
Sandstone conglomerates have been thrown down by the great 
fault at high angles. 

Further east in the valley of the Garry and the Tay an almost 
similar section might be described. To the north of Blair Athole, 
the quartzites of the Upper Arenaceous Zone occupy the whole of 
the bed of the Garry from Dalnacardoch to near Blair Athole. 
The dip of the axes of the isoclinal folds is towards the south east 
at considerable angles. About two miles north of Blair Athole 
the great fault, so often alluded to, passes north-eastwards 
towards the head of Glen Tilt ; on the east side of this fault 
we pass on to the Glen Tilt limestone and Black Schists of the 
Upper Argillaceous Zone, which are here repeated in isoclinal 
folds, whose axes are almost vertical ; these are well exposed in 
the Banavie, below the line of fault. Proceeding down the Pass 
of Killiecrankie we cross the quartzites, and near the foot of the 
pass the Black Schists and Phyllites, the axes of the folds now 
dipping towards the north-west. South of Pitlochry the 
Garnetiferous Schist Zone is followed by the Loch Tay limestone 
Zone, the Lower Arenaceous Zone, and finally near the boundary 
fault at Birnam the Lower Argillaceous Zone. This section 
presents much the same features as those which I have ^ilready 
described ; across the frontier Highlands, like them, the axes of 
the isoclinal folds dip towards the north-west at angles which^ 
gradually increase till we reach the boundary fault. An increasing 
metamorphism can also be seen as we trace the schists northward 
from the boundary fault towards the great axi^l line of folding. 
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Still further east in Glen Shee a similar structure and succession 
can be made out. At the Spital of Glenshee, the black schists 
have been thrown into a series of vertical isoclinal folds ; pro- 
ceeding down the glen we pass successively over the phyllites and 
gametiferous schists, and to the south of Blacklunans the Loch 
Tay limestone, with its accompanying epidiorites. At Craigton 
we pass on to the main outcrop of the " green beds " which is 
repeated in outliers further to the south at Blackball. From this 
point to the Bridge of Cally the grits of the Lower Arenaceous 
Zone are repeated in isoclinal folds with axes hading towards the 
north-west and gradually becoming steeper and steeper as we 
approach the boundary fault, till eventually at the Bridge of 
Cally, the slates of the Lower Argillaceous Zone emerge from 
beneath the overlying grits. It will not be necessary for us to follow 
these different schist zones into the Highlands of Kincardineshire, 
Aberdeenshire, or Banffshire. Besides, I have not had an 
opportunity of examining any part of this area in detail. Not- 
withstanding the fact that the schist zones of this area have been 
much invaded by later intrusions of granite, we can still make out 
tlie same succession and structural arrangement of the schists as 
we have already seen exists further to the west, and I think that 
tliere cannot be any doubt that the great axial line of folding 
ushering in lower and lower schist zones towards the Highland 
frontier is prolonged north-eastwards to the Banffshire Coast. 

We now return to examine several sections to the west of that 
first given, and the first I take passes frorn Glen Lyon across 
Meall-Ghaordaidh to Corrycharamaig in Glen Lochay, and thence 
across Creag Mhor on the dividing ridge between Glen Lochay 
and Glen Dochart ; from this point the line of section runs across 
(ilen Dochart, at Ardychle and over the summit of Creag Mac 
Rainaich to Balquhidder, crossing the Balvaig it cuts across 
the summits of Beinn-ant-Sithen, Ben Vane, and Ben Ledi, 
terminating at the boundary fault on the shores of Loch 
Vennacher. Several fine sections of the Loch Tay limestone 
are exposed in the Alt Laoisaich near Stronuich in Glen Lyon, 
the axes of the folds dipping towards the south-east. Ascending 
this stream to the summit of Meall Ghoardaidh we pass over the 
gametiferous schists on to an outlier ofthe phyllites which caps the 
summit of the latter mountain. Proceeding down the south side 
of Meall Ghoardaidh, we again pass on to the gametiferous 
schists which dip towards the south-east ; at TuUich the Loch 
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Tay limestone is again exposed, also dipping towards the south- 
east. Crossing the River Lochay at Corrycharamaig the 
garnetiferous schists are again seen to pass below the 
phyllites of Creag Mhor, to the east of which passes one 
of the powerful N.N.E. and S.S.W. faults. The effect of this 
fault has beer? to shift the beds on the west side further south, 
thus bringing the Loch Tay limestone against the phyllites. As 
these faults are later than the plication of the schists, they must 
tend to break up and destroy the original tectonic arrangement ol 
the schists. In this case beds which were originally on the north 
side of the great axial line of folding have been brought into line 
with those on the south side. Crossing Creag Mhor we again 
meet with the garnetiferous schists coming out from beneath 
the phyllites, but the axes of the folds now dip towards the 
north-west. Descending to the level of the Dochart we 
find the Loch Tay limestone coming out from beneath the 
garnetiferous schists of Creag Mhor, from which point they can 
be traced up the stream to the west of Ardchyle (Glen Dubh). 
In ascending the stream the limestones get flatter and flatter till 
they eventually roll over, and the garnetiferous schists again 
come in. These can be traced up Glen Dubh to the summit of 
Creag Mac Ranaich and Cam Chreag, where they appear to be 
about horizontal. Tracing the garnetiferous schists southwards 
towards Balquhidder, the schists are found to dip towards the 
north-west at a low angle, and the Loch Tay limestone crops out 
on the eastern side of the Kirkton Glen. From this point the 
section crosses the Balvaig to the top of Beinn ant Sithen, and 
the schists belong to the Lower Arenaceous Zone ; near * the 
summit of the latter mountain there is an outcrop of epidiorite, 
which makes a prominent feature from Strathyre. The section 
now crosses Ben Vane, near the summit of which, outliers of 
the Loch Tay limestone have been faulted down into the grits 
of the Lower Arenaceous Zone. Crossing to Ben Ledi, an outlier 
of the green beds has been detected by the officers of the 
Survey, stretching from the head of Stank Glen to the shores of 
Loch Lubnaig. In this part of the section the dip of the axes of 
the isoclinal folds, is fairly steady towards the north-west, and, 
like those already described, rising towards the vertical as we 
approach the Highland frontier. We now come to the great 
mountain of Ben Ledi on the west side of Loch Lubnaig, in 
which numerous interesting sections are to be seen, illustrating 
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both the petrological character and structural features of the 
grits and greywackes which constitute our Lower Arenaceous 
Zone. Ben Ledi consists almost entirely of these grits and grey- 
wackes, which have been piled up into isoclinal folds, whose axes 
dip toward the north-west, at an average angle of 50^. When 
dealing with the question of the thickness of these rocks we said 
that no reliable data had yet been obtained regarding this im- 
portant point, and till that was done, it would be impossible to 
speak definitely as regards the amount of folding that had taken 
place in such a mountain mass as Ben Ledi. In the meantime it 
seems highly probable that the beds are of no great thickness, and 
that such mountain masses as Ben Ledi, Ben Vorlich, and 
Ben Venue, have been formed out of comparatively thin beds, 
which have been folded and re-folded upon one another. On 
the south side of Ben Ledi the slates of the Lower Argillaceous Zone 
emerge from beneath the grits, and a narrow strip of black 
shale, belonging to the supposed Arenig group, lies immediately 
against the great boundary fault, which crosses Loch Vennacher 
near Milton. 

The next section which I describe is taken about twelve miles 
further to the west, and runs from the north of Tyndrum across 
the high ground between Strath Fillan and Glen Falloch, from 
whence it passes along the eastern side of Loch Lomond, over 
the summit of Ben Lomond, and southwards to the boundary 
fault at Balmaha. At Tyndrum one of the great N.N.E. and 
S.S.W. faults occur which has on its western side a group of 
massive quartzites, with lenticular beds of mica schist, which 
belong to our Upper Arenaceous Zone, and which contains 
schists of the Moine type ; the dip of the axes of the folding is 
towards the south-east. Excellent sections of these rocks can be 
seen in the higher reaches of the Allt-nan Sae, and the River 
Fillan. The schists on the east side of the great fault belong to 
the Upper Argillaceous Zone, and consist of the phyUites and 
thin bedded quartzites, which are so characteristic of that zone ; 
like the quartzite the axes of the isoclinal folding hade towards 
the south-east. Crossing the high ground between the Connish 
Water and Glen Falloch by the AUt Gleann Achrioch, the 
phyllites are seen to merge into the garnetiferous schists, which 
is followed by outcrops of the Loch Tay limestone, and which 
continue over the ridge to the Allt Fionn Ghlinne, where the 
main outcrop of the green beds comes from beneath the 
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garnetiferous schists. At this point another of the great N.N.E, 
and S.S.W. faults occurs. Crossing Glen Falloch the line of 
section runs along the eastern side of Loch Lomond to the 
summit of the Ben, and passes across a group of schists which 
belong to the Lower Arenaceous Zone. There is, however, a 
remarkable difference both in the structural aspect of this 
section and the extent to which the rocks have been meta- 
morphosed when compared with the sections already described 
further to the east. We no longer find the schists thrown off 
from the great axial line of folding in a series of isoclines, whose 
axes dip steadily towards the north-west, nor do we find the 
foliation planes running in comparatively unfolded lines parallel 
to the axes of these folds. Over the whole of this area the grits 
become more completely granulitized passing into mica schists, 
and the foliation planes are also seen to be corrugated to a con- 
siderable extent. We will presently see that this structural differ- 
ence and increasing metamorphism, as we proceed from the 
eastern to the western end of the Grampians, has probably been 
caused by an increase of the lateral pressure from the south-east. 
The effect of this would be to push over the isoclinal folds 
towards the north, and develop another fan-shaped structure to 
the south of the present line of the boundary fault. It is also 
most likely that an area of maximum crushing and meta- 
morphism, would exist along a line midway between the twa 
great axial lines of folding. Structurally the rocks in such an 
area would appear to be arranged along an anticlinal axis, though 
really they would be in the form of a synclinal double fold. So 
far as I have been enabled to understand it, this seems to be the 
most likely explanation of the structure of that part of the 
Grampians now being discussed, and that the anticline in the 
bedding of Jamieson and the earlier geologists, and the anticline 
of foliation of the Geological Survey is entirely deceptive. 

That part of this section which lies between the head of Loch 
Lomond and the summit of the Ben, seems to be situated upon 
this line of intense crushing and metamorphism, and it seems 
difficult to tell in what direction the folds are dipping. To the 
south of Ben Lomond, and on Sron Aonaich, an outlier of the 
"green beds" has been preserved by being let down between two 
faults. Still further to south the Ben Ledi grits again come to 
the surface, followed by the slates of the Lower Argillaceous Zone, 
which appear to the south of Sallochy wood. These are 
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succeeded to the boundary fault at Balniaha by bands of 
grit and slate. 

The last section which I describe is taken across Cowal for the 
purpose of showing the structure of the western part of the area 
under notice. Beginning near the head of Loch Awe, it runs 
down Glen Aray to Inveraray on Loch Fyne, crossing the Loch it 
runs from Strachur down Loch Eck to the Firth of Clyde at 
Dunoon. In that part of the section to the north of Loch Fyne, 
the grits and quartzites of the Upper Arenaceous Zone, and the 
phyllites, black schists, and limestones of the Upper Argillaceous 
Zone are arranged in a fan-shape structure as has already been 
pointed out. At Loch Craignish the phyllites and black schists of 
the Upper Argillaceous Zone have been thrown into a series of 
isoclinal folds, whose axes hade towards the south-east at an angle 
of about 30°. Traced further eastward toward the head of Loch 
Awe, the schists of the Upper Argillaceous Zone pass below the 
volcanic rocks of the Lower Old Red Sandstone of Lome, and are 
consequently hidden in that part of one section. Above the 
phyllites of the Upper Argillaceous Zone comes the grits and 
quartzites of the Upper Arenaceous Zone also dipping towards the 
south-east. On approaching the shores of Loch Awe the axes in 
the isoclinal folds of the grits and quartzite become vertical, from 
this point, and proceeding down Glen Aray the axes of the isoclinal 
folds are reversed, being now to the north west. The angle of 
dip of the axes gradually descends, till, on approaching the shores 
of Loch Fyne, the grits and quartzites are replaced by the phyllites 
and limestones of the Upper Argillaceous Zone, and the dip 
reaches nearly the same angle as was observed at Loch Craignish, 
but is in an opposite direction. From this it will be seen that we 
have here exactly the same fan- shaped structure as was seen in the 
ridge north of Loch Tay, and I consider that we have here the 
western prolongation of the great axial line of folding or backbone 
of the Grampians, from which the crustal movements have passed 
outwards towards the north-west and south-east. Crossing Loch 
Fyne to Strachur it will be seen that the phyllites and thin 
quartzites of the Upper Argillaceous Zone are continued across 
the Loch, and still dipping towards the north-west these are 
succeeded to the south by a narrow band of garnetiferous schists, 
and at Balimore, by the Loch Tay limestone with its accompany- 
ing altered basic rocks. To the south of this and from beneath 
the Loch Tay limestones come the "green beds," followed by the 
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underlying grits and greywackes of the Lower Arenaceous Zone, 
still having the axes of their folds dipping towards the north-west. 
As we approach a line running down the centre of Cowal, through 
the heads of Loch Goil, Loch Striven, and Loch Ridden, and the 
hills to the north-west of Tighnabruaich, we find the axes of the 
isoclinal folds approaching the vertical, and with it an accom- 
panying increase in the amount of metamorphism. We are here 
on the centre of our synclinal double fold or pseudo-anticline of 
Lapworth, the supposed anticline of bedding of Jamieson and the 
geologists of the latter half of last century, and the anticline of 
foliation of the officers of the Geological Survey. To the south of 
this central axis of folding the grits and greywackes are repeated 
in isoclinals whose axes now hade towards the south-east ; and at 
Dunoon, on the Firth of Clyde, the phyllites of the Lower 
Argillaceous Zone emerge from beneath the overlying grits with 
a reversal of dip. 

In the paragraph with which Professor Lapworth concludes his 
papers on " The Secret of the Highlands," we find him shrewdly 
suspecting that such valleys as that of the Great Glen and Loch 
Tay, may not, after all, be anticlinal valleys, but are really 
depressed intermont synclinal troughs, though he does not appear, 
as we have already remarked, to have examined this ground in any 
detail. So closely has Prof. Lapworth in this paragraph approach- 
ed the general principles, which we have advanced in this paper, 
that we do not hesitate in quoting it in its entirety. Thus he says, 
" In more easily convoluted regions, or in mountain chains of 
much higher antiquity, this inevitable relation of sunken trough to 
mountain arch is necessarily less conspicuous, and long eludes 
detection owing to the bewildering complexities of the strata 
involved. But it is by no means impossible that the long straight 
(longitudinal or strike valleys) and so called anticlinal valleys of 
the Scottish Highlands, such as those of the Great Glen and Loch 
Tay, walled in by steep hill-slopes, and occupied by lakes of pro- 
found depth, are nothing more than greatly depressed intermont 
syficllnal troughs^ owing their origin to the same causes which 
bring about the slow secular elevation and approximation of their 
flanking ranges.^ 

In Fig. 8 I have reproduced Prof. Heim's section across the Alps, 
in which the tectonic arrangement of the strata into fan-shaped 

The Secret of the Highlands. Geological Magazine ^ Vol. X. 1883, p. 344. 
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structures and intermont troughs is shown. A striking difference 
will at once be recognised when we compare this section with 
those across the Scottish Highlands in diagram. Thus in the former 
section the oldest strata occupies the core of the fan-shaped 
structure, and are brought up again in the intermont troughs. In 
the Scottish Highlands the strata occupying the centre of the 
great axial line of folding are, so far as we understand the 
succession, younger than those which came out from the 
flanks. 

I am not at present, however, inclined to place any great im- 
portance upon this apparent discrepancy between the structures of 
the two regions, as this seems more likely to be an accidental 
rather than an essential feature. Thus it might b e accounted for 
by supposing that the folding in the Alps had been higher along 
the anticlinal ridges and deeper in the troughs, whereas, in the 
case of the Scottish Highlands, the folding had been flatter or less 
acute. This I think, would account for the difference in the 
arrangement of the beds as seen in the Grampians. 

In concluding this already too long paper I should like to 
briefly refer to the relationships that appear to exist between the 
foliation planes and the earth movements which folded the rocks. 
According to Sharpe, the cleavage or foliation planes were 
arranged in great anticlinals, and where two of these anticlinals 
met, a fan-like structure was produced. In the centre of such a 
fan-like structure or towards the outskirts of the anticlinals, the 
cleavage planes were approximately vertical, proceeding towards 
the centre of an anticline of foliation the dip of the cleavage 
planes became lower and lower, till at the centre of the anticline 
they were approximately horizontal. Further, Sharpe considered 
that these anticlines of foliation were produced by the forcing 
of a mass of fluid igneous matter through a fissure which 
coincided with the axis of elevation, his idea being to support the 
elevation theory of cleavage. 

The views advanced by Murchison and Geikie, that the foliation 
planes in the schists of the Grampians, generally coincided with 
the bedding was not, so far as I am aware, sustained by any theory 
of the manner in which the foliation had been produced ; and 
when we consider that these geologists believed the schists of the 
Grampians to be arranged in simple anticlinals and synclinals of 
the bedding with which the foliation coincided, it would be 
difficult I think from this view of the structure of the Grampians 
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to account for the production of the foliation planes on the 
ordinary principles of lateral compression. 

If the views which I have advanced in this paper regarding the 
structure of the Highlands be accepted, I think that the develop- 
ment of the foliation planes naturally connects itself with the 
lateral compression theory, and at the same time affords an 
explanation of the phenomena which misled Murchison, Geikie, 
Sharpe, and latterly the officers of the Survey. In such a fan- 
shaped arrangement of the isoclinal folds as we have seen exists 
in the great backbone of the Highlands, such an area of elevation 
would, as we have already seen, be acted upon by lateral pressure, 
to use an illustration of Mr Harker% in much the same way as an 
arch of brickwork, the cleavage planes being perpendicular to the 
thrust at each point, would be arranged like the planes which 
separate successive bricks in the arch, /.<?., in a radiating or fan- 
like manner, or in other words, they would be parallel to the axes 
•of the isoclinal fold. This parallelism would continue through 
the folds of the composite syncline which separated the two fan- 
shaped structures, in any large area of upheaval, in the same 
manner as we see has taken place in the Cowal area. We can 
also see that a succession of earth movements might fold and 
refold the original foliation planes, and develope planes of 
secondary and even tertiary foliation ; something like this has also 
apparently taken place in the highly contorted belt which passes 
down the centre of Cowal. 

It was originally my intention to give a brief sketch of the 
destruction of the Grampian geanticlinal, but the building up of 
it has already occupied so much space that I must defer this to a 
future occasion. The history of the Grampians is a story that 
will not bear much compression, and when it comes to be told in 
detail will occupy many volumes. In the meantime I hope that 
I have succeeded in sketching in some of its broader outlines, and 
that these will at least have some degree of permanency. 
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EXPLANATION OF PLATES. 

Plate I. — The Killin Hills, 

The photograph has been taken from near the falls of the 
Dochart. To the left of the picture above the cottages there is 
an outcrop of the Loch Tay limestone dipping below the ridge of 
mountains forming the background On the right is seen the 
well known Inchbuie which is formed by the schists which 
apparently come from beneath the Loch Tay limestone. The 
three principal peaks seen in the background and reaching from 
left to right are Creag-na-Caillich, Coire Fionn Lairige, and 
Meall-nan-Tarmachan. Up to about the 2,000 feet contour line 
this ridge consists of garnetiferous quartz and mica schists. 
Above this and forming the summit of the mountains we have the 
different schist zones, which constitute our Upper Argillaceous 
Zone. These mountains, as will be seen from the text, are 
situated upon the great backbone or axial line of folding in the 
Highlands, from which the mountain building forces have pushed 
outwards towards the north-east and south-west. The structure 
of this ridge has been given in considerable detail in the text, and 
a number of sections running across it are described. From the 
structure of the ground it is probably one of the best areas in the 
Highlands for the study of the great central axis of folding. 



Plate II. — View from the summit cairn Ben Lawers looking south-west 
along the great axial line of folding and embracing an angle of over icx)''. 
From a photo by W. L. Howie. 

The observer is standing on the phyllites of the Upper 
Argillaceous Zone which constitute the summit of Ben Lawers. 
To the left is seen Benin Ghlas composed of rocks belonging to 
the same zone. Behind and partially hidden by the southern 
ridge of Benin Ghlas we get a glimpse of Loch Tay near the 
level of which outcrops the Loch Tay limestone, and between 
which and the Upper Argillaceous Zone we have the Garnet- 
iferous Schist Zone. Benin Ghlas is connected with Meall 
Corraniach which slopes to the north, and upon which there 
occurs an outlier of the black schists, folded in with the 
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phyllites. Meall-nan-Tarmachan occupies the middle of the 
panorama, and is also formed by the schists of the Upper 
Argillaceous Zone. According to Mr Howie, "The chief 
horizon summits visible in the print reaching in succession south 
to north, are Ben Ledi, Ben Vane, Ben Lomond, Stob-a-Choin, 
Stob Coire, an Lochan, Am Binnein, Cruach Ardran, Ben More. 
Then comes the dip of the Dochart, and first the flat top of Meall 
Chuirn, then Beinn Bhuide (Bui), Beinn Dubh-chraige, Beinn 
Oss, Beinn Laoigh (Lui), Ben Chaluim, Creag Mhor, Beinn 
Heasgarinch, Beinn Doirean and Beinn an Dothaid. Behind 
Creag Mhor the twin peaks of Ben Cruachan are visible in the 
negative, but too faint for reproduction. This photograph will 
enable us to form a conception of the general physiographical 
aspect of the country described in the paper, and which lies to the 
south of the great axial line of folding. 



Plate III. —View near the summit of Ben Lawers, looking north-east along 
the great axial line of folding in the schists, and embracing an angle of 
over icx)°. From a photo by W. L. Howie. 

To the left of the picture is seen the conical summit of An 
Stuc, and behind it the ridge of Meall Garbh rising above Lochan 
a Chait, and which, trending eastwards rises again in Meall 
Gruaidh ; all these peaks are formed of the phyllites of the Upper 
Argillaceous Zone, Lochan a Chait being situated approximately 
upon the centre of the great axial line of folding, in the neighbour- 
hood of which the axes of the isoclines are either vertical or 
inclined at high angles. To the south of the loch the axes of the 
folds dip towards the north-west, while to the north they dip in 
the opposite direction. Beyond is seen Kenmore and the east- 
end of Loch Tay, the high ground south of the loch beginning in 
Drummond Hill is topped by Benin Bhreac and Meall-a-Choire 
Chreagaich. In the middle of the view behind the dark un- 
dulating tops overlooking Glenlyon is seen Schichallion and Carn 
Mairg, mountains formed by the quartzites of the Upper 
Arenaceous Zone. Like Plate 11. this photograph will enable us 
to gain some idea of the scenery of the great axial line of folding 
as it is prolonged north-eastwards into the Aberdeenshire High- 
lands. I have to acknowledge my great obligation to Mr Howie 
and to Mr Douglas, of the Scottish Mountaineering Club, for 
allowing me to reproduce these most interesting photographs. 
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X. — Early Scottish Joint-Stock Companies. By Richard Brown, 
Writer, Glasgow. 



[Read before the Historical and Philological Section, 2ist January, 1903. 1 



This paper is intended to be historical rather than philological, 
but it will tend to perspicuity if at the outset we have a clear con- 
ception of what is meant by a joint-stock company. The word 
" company " has a great variety of applications, but here we are 
only concerned with the trading company corresponding to the 
old Roman societas^ from which has descended the early Scottish 
legal term " society " or partnership. " Society " as a Scottish law 
term has become obsolete, and even " partnership " was for a time 
threatened with extinction through the almost universal use of the 
word " company " in the sense of an ordinary trading concern, 
consisting of two or more partners. This use or abuse of the 
term " company " probably reached its climax in the year 1856, 
the very year in which the principle of incorporation by registra- 
tion was first practically applied to the whole of the United 
Kingdom. Our Scottish Bankruptcy Act of 1856 deals with 
trading firms in a large number of its sections, but it invariably 
uses the word " company " in the sense of an ordinary common 
law partnership. The subsequent enormous growth of joint-stock 
companies has turned aside the application of the term company 
in that special direction, so that the use of the word " company " 
in the Bankruptcy Act has now become archaic, and is apt to con- 
fuse the young student of Scottish law. 

But suppose we waive any objection to the use of " company " 
as equivalent to the generic term "partnership," the next 
enquiry is as to the effect of the qualifying adjective " joint-stQck.'^ 
What is a joint-stock company as distinguished from an ordinary 
company or partnership? The late Lord-President Inglis 
attempted to formulate a series of distinctions, the substance of 
which was as follows: — (i) In a partnership each partner has a 
pro indiviso right of property in the whole assets, whereas in a 

VOL. xxxiv. P 
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joint-stock company no member has a direct right to the assets, 
but each has a right to a specified proportion of the stock or 
shares representing the assets. (2) In a partnership each partner 
is, unless otherwise arranged, praepositiis over the affairs of the 
company, and each is a guarantor for the partnership obligations 
undertaken by the others, whereas in a joint-stock company the 
management is remitted to a select body, usually termed directors, 
who alone have power to incur obligations on behalf of the com- 
pany. (3) In a partnership there is ^<?/<?^///j/^/-5^A/^; whereas in 
a joint-stock company no individual member has a right to object 
to the admission of a stranger as a colleague, and the death or 
change of status of a member does not effect a dissolution. (4) In 
a partnership the share of a partner is not strictly speaking capable 
of being transferred, /.<?., the transferree cannot, without the con- 
sent of all the remaining partners, take the transferror's place as a 
member of the firm, and even with this consent the change legally 
dissolves the old and constitutes a new firm. It is otherwise with 
a joint-stock company, the members of which may freely transfer 
their shares subject only to such general restrictions as may be 
embodied in the constitution, and such transfer has no effect 
upon the continued existence of the company itself.^ It may be 
objected to this enumeration of characteristics, that they are 
not all distinctive of the joint-stock company, and that so far 
as distinctive they may be resolved into two, viz., (i) the pro- 
perty is in the shares, not directly in the company assets ; and (2) 
there is no delectus personcB, and consequently the shares may 
be freely transferred. We find a more restricted and more accurate 
definition in the English Joint-Stock Companies Act of 
1844, which defines a joint-stock company as "a partnership 
whereof the capital is divided or agreed to be divided into shares, 
and so as to be transferable without the express consent of all the 
copartners." To the same effect Lord Lindley said in a recent 
case : — " I understand by a company — an unincorporated com- 
pany — some association of members the shares of which are 
transferable. As distinguished from a partnership, I know of 
nothing except the transferability of shares." ^ 

We thus find that the characteristics of a joint stock company 
are precisely those of society or partnership with the added 

1 See Dove v. Young (1868), 7 Macp. 304. 

'^ Re^. V. Registrar of Joint- Stock Companies ^ ex parte Johnston^ i89i,2Q.B. 
598 at p. 610. 
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privilege of the transferability of the shares of the partners in the 
stock or assets. But questions remain as to how far the common 
law recognises the additional right claimed on behalf of this form 
of partnership, and whether there is any difference in this respect 
between the law of England and that of Scotland. The Bubble 
Act of 1719,^ though framed entirely on English lines, was 
intended to apply to the United Kingdom. The purpose of this 
Act was to suppress all joint-stock companies except such as were 
incorporated by Act of Parliament or by charter from the crown, 
and in its preamble it is assumed, both as to England and Scotland, 
that an unincorporated company or partnership has no legal right 
to trade upon a "joint-stock" or to transfer its shares. The 
preamble complains that certain persons have " presumed to act 
as if they were corporate bodies, and have pretended to make their 
shares in stocks transferable or assignable without any legal 
authority." ^ Apart from this declaration, and from the provisions 
of the Bubble Act itself, there is no evidence of illegality in con- 
nection with the transfer of the shares of a partnership, and even 
with the aid of the statute, no serious attempt was ever made to 
punish the supposed breaches of the law. 

Even had the narrative of the Bubble Act correctly represented 
the common law of England, its application to Scotland is not a 
necessary consequence. During the twelfth and thirteenth 
centuries there is evidence of much resemblance between the laws 
of England and Scotland, but a not unnatural effect of the 
Scottish war of independence was to estrange Scotland from 
England, and to draw it by many ties into closer connection with 
the continent, and specially with England's great enemy France. 
The civil law, as conserved and somewhat modified in the 
continental schools, became practically the law of Scotland, 
except in the special branches dominated by the feudal system. 

Among the principles of the Roman law of societas or partner- 
ship, which thus became part of the law of Scotland, is the 
doctrine of separate persona. By the law of Rome, whoever or 
whatever was capable of having, and being subject to, 
rights was a persona^ and this included a societas which was a 
person in law and had rights, privileges and duties apart from 
those of the members composing it. This is denied in English 
law to the ordinary partnership, which is treated as a mere 

16 Geo. I.,c. 18. 2 Sect. 18. 
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aggregation of individuals indistinguishable from the individuals 
themselves. It is true that where corporate privileges are granted 
the sepsiTSite persona is fully recognised in England as well as in 
Scotland, but we are dealing at present with the joint-stock com- 
pany as a genuSf and are not concerned with the species or classes 
into which it is, or may be, divided. Incorporation is an attribute 
which may or may not exist in a joint-stock company : it is not an 
essential attribute, and therefore its presence or absence cannot 
affect the general definition. Looking, then, to the law of Rome 
as the fountain-head of the great bulk of the existing common law 
of Scotland, it is a pertinent enquiry whether the Roman societas 
embraced anything corresponding or analogous to the joint-stock 
company of modern times. The answer is clearly affirmative. As 
a general rule societas^ like partnership, involved the principle of 
delectus personce^ but there was a remarkable exception in the case 
of the societates publicanorum^ or societates vectigales, which were 
gigantic joint-stock companies for farming the public revenues. 
We know little of the legal character of these bodies, but we learn 
from the Digest that, contrary to the usual rule, an heir might 
become a partner if accepted by the others, and if not accepted 
he still shared the profit and loss.^ A still more significant fact 
may be gathered from incidental references by Cicero to the sale 
of the shares {partes) of these companies in open market, thus 
showing that the shares were transferable not only to heirs but to 
strangers.2 We have thus the distinctive feature of the joint-stock 
company legally recognised in the law of Rome, and we have 
nothing to show that it was at any time illegal by the law of 
Scotland or that its legality was in any way dependent upon the 
accident of incorporation.^ 

But while, as we have seen, incorporation is not a necessary 
characteristic of a joint-stock company, and while there may be 
joint-stock companies without it, the fact of incorporation marks 



iDig., 17.2. 59; 17. 63.8. 

'^ Cie pro Rab. Post. 2. 4. ; in Vat. 12. 29. 

^ In 1695, William Paterson, the founder of the Bank of England, and pro- 
moter of the Darien Scheme, was impeached by the English Parliament in 
connection with the latter undertaking, on the ground that under the authority 
of a Scottish Act of Parliament, he and other members of the Scottish company 
had presumed to levy money, and do things as a corporation, which could not 
be done legally in England without the sanction of the English legislature. 
The impeachment was abandoned, but the EngHsh subscriptions were with- 
drawn. Paterson's Life, p. 145. 
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off a distinct class possessing many special privileges. The 
incorporated company is a complete entity apart from the 
members composing it, and is thus in a more favourable position 
than the mere aggregate of persons forming an English partner- 
ship, or even the union of individuals in the form of a trading 
firm to which the idea of a quasi persona attaches by the law of 
Scotland. Prominent among these privileges of incorporation is 
limited liability, for where the separate perso?ia is complete, it is 
responsible for its own acts and contracts, but it cannot bind 
other persons, even its own members, without their express 
consent. Limited liability is one of the naturalia of incorpora- 
tion, hence, when in 1825 it was desired to grant incorporation 
without this privilege, it was thought necessary to pass a special 
Act of Parliament, empowering the Crown to grant charters of 
incorporation on these special terms. ^ 

Incorporation is thus a clear advantage to any aggregate of 
individuals associated on the joint-stock principle for purposes of 
gain. It is true that incorporation is not confined to aggregates 
of this kind. It is often and was in old times commonly applied 
to associations which, though freely endowed with privileges and 
monopolies, had no joint-stock in the usual sense of the term. 
Thus in the case of a burgh, or a university, or a professional 
body, or a manufacturing craft, or a guild of merchants, it was the 
aggregate that was incorporated but it was the individual member 
who being free of the incorporation acquired burgess or university 
rights, or enjoyed the privilege of pleading, or healing, or 
manufacturing, or trading. He had to take certain steps and 
probably make certain payments in order to acquire membership, 
but all other outlays were made by himself and for himself. 
While the members of an incorporated guild or craft were 
entitled to prevent intruders from encroaching on their monopoly 
within the territorial limits of their privilege, they did not carry on 
their industry or trade by means of a joint-stock, but by individual 
exertion and outlay. Among industrial and mercantile corpora- 
tions there were thus two distinctly marked classes, viz. : (i) 
those without a joint-stock such as crafts, guilds, and companies 
of merchant adventurers, and (2) those more modern develop- 
ments of incorporation in which a joint-stock forms the leading 

^6 Geo. IV., c. 91 s. 2. The Scottish Commercial and National Banks 
were incorporated by Royal Charters in terms of this Act without limited 
liability. 
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feature. To members of the former class limitation of personal 
liability for corporate acts was of little value, for the members did 
not act through the corporation, but each ventured his own 
capital and pledged his individual credit. Where, however, the 
members as such had no rights except such as came to them 
through the corporation, and no duties to the corporation 
beyond payment of their contributions, it seemed unjust to hold 
these members liable to third persons for corporate losses. We 
are not immediately concerned with corporations which did not 
possess a joint-stock, but they cannot be altogether ignored in 
any attempt to trace the development of the industrial and com- 
mercial enterprise of Scotland. On the other hand, we find in 
the later stages of that development many cases of joint-stock 
concerns without incorporation, and thus all the three forms of 
associated life are bound together by strong threads of 
connection. 

Much interest attaches to the rise of industrial and mercantile 
bodies, known as crafts and guilds, incorporated by virtue of 
special powers conferred upon burghs to grant charters of incor- 
poration, or by virtue of powers assumed by burghs without any direct 
authority, but these, although incorporated, were not joint-stock 
concerns and are thus beyond the scope of the present enquiry. 
There was, however, at one time a form of corporate mercantile 
enterprise, common to Scotland and to England and certain con- 
tinental countries, which at first sight seems to involve the 
presence of a joint-stock, and which in some cases was at a later 
period almost imperceptibly moulded into that form. The spirit 
of enterprise seems in early times to have manifested itself 
much more among the merchant class than among the 
craftsmen. Merchants early settled themselves of their own 
accord in alien countries with the object of disposing of their 
produce, or that of their fellow countrymen. To some 
extent the merchant traders were incorporated by guilds within 
the burghs, in the same manner as the artizans, but they generally 
received their incorporation directly or indirectly from the Crown. 
This was all the more necessary, as in several cases the incor- 
porated bodies, or at least a large number of their members were 
permanently resident abroad. A prominent English example is 
that of the Merchants of the Staple, who claimed that they had 
existed as a corporate body since about 1267, and who un- 
doubtedly were incorporated by charter of King Edward II. in 
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1 313. The members of this body resorted to the Staple towns 
both in England and on the continent, where both native and 
foreigner were received in a spirit of fellowship. In like manner 
it is said that in 1220 a colony of Germans from Cologne estab- 
lished a hall or factory in London called their Guildhall, which in 
course of time became the general factory and residence of all the 
German merchants in London.^ 

There does not seem to have been any Scottish incorporation 
of merchants resident abroad until 1579, when an Act was passed 
by the Scottish Parliament ^ entitled " An Act anent the scottis 
men using the privilegis of this natioun in the law cuntreis undir 
the King of spanys dominionis." It narrates that " thair is divers 
and sindrie scottismen maryit and unmaryit within the parts of 
the law cuntreis undir the King of spaynis dominioun keipand 
thair residence quair this natioun keipis thair staple, and having 
thair lyf industrie and trade off the kingis maiesties subjectis as 
factors to thame useing and banting the privilegis grantit to the 
said natioun within the saidis parts of the law cuntreis safer as 
the samyne maketh for thame thair commoditie and proffeit, and 
at utheris tymes renunceing the same and reclameing thairfra, 
allegeing to thair porterie residence in ane foreyne cuntrie foir- 
saiking the obedience to the kingis majestic his lawis and 
officiar." The remedy is that " ane incorporatioun be maid of 
the said natioun and privilegis thairof " and that all persons resident 
or remaining within the parts mentioned, (especially within the 
parts where the nation keeps staple,) " sail gif his aith of obed- 
ience to the kingis majestic and his lawis befoir his hienes 
conseruator resident in the saidis law cuntries." Each member 
of the incorporation is to pay to the king " ten punds flemys," 
equal to about six pounds sterling, and whoever refuses to take 
the oath is to be deprived of all the benefits of his majesty's 
subjects. No member of the incorporation is to be allowed to 
trade or traffic with the recusant.^ 

These were " open " or " regulated " companies or communities 
duly incorporated but not possessing a joint-stock in the proper 
sense of the term. The private contract of " society " or partner- 
ship existed from a very early date in Scottish legal history, but 
without incorporation it did not possess perpetual succession — in 

^ Macpherson's Annals of Commerce, I. 383. 

*' I579> c. 34. ^ See Thomson's edition of the Acts. 
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other words, though the stock was common it did not descend 
to heirs, and was not assignable to strangers. At some period, 
which it is impossible to determine with any degree of accuracy, 
the power to transfer the partners' shares of the common stock 
was assumed by unincorporated partnerships, but as we have 
seen from the narrative of the abortive Bubble Act of 17 19, these 
partnerships or unincorporated joint-stock companies were at 
that date treated by Crown and Parliament as illegal both in 
England and Scotland. They, nevertheless, existed and con- 
tinued to exist, and, if not expressly sanctioned by the law, they 
at least were never effectually interfered with. Their private 
character, and the absence of any public record of their constitu- 
tion, prevent us from fixing definitely the date of their first 
appearance in our midst, but we may take it that they owed their 
initial existence to the precedent of the incorporated traders 
possessing a joint-stock in the mercantile sense of the term. As 
to the rise and progress of the incorporated joint-stock companies 
we are not left so completely in the dark. Among the earliest 
in England, was a company incorporated by Crown charter in 
1554 and afterwards confirmed in its privileges by Act of 
Parliament in 1566. In the charter it is styled " The Company 
of Merchant Adventurers for the discovery of lands, countries, 
isles, etc., not before known or frequented by any English," but 
the Act of 1566 changed the name to *'The Fellowship of 
English Merchants for Discovery of New Trades." It was after- 
wards generally known as the Russia Company. Under the 
original charter the first governor was Sebastian Cabot (who, as prime 
mover of the enterprise, was appointed for life,) and along with 
him in the management were 28 others of whom 4 were to be 
called *' consuls," and 24 "assistants." The capital consisted of 
;^6,ooo in 240 shares of ;^25 each. The corporation might 
purchase lands up to a specified value ; they were to have 
perpetual succession and a common seal ; they were to be per- 
mitted to plead and to be impleaded ; they were empowered to 
impose mulcts and forfeitures on offenders against the corporate 
privileges ; they were allowed to admit persons from time to time 
to be free of the company; and finally, they might make 
conquests of the lands of infidels to be discovered by them.^ 
Several other trading companies were afterwards incorporated by 

^ See Macpherson's Annals of Commerce, vol. II., pp. 114, 117. 
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•Queen Elizabeth, by far the most important of which was the 
East India Company, the charter of which was granted on the 
last day of the sixteenth century (31st December, 1600). 

The incorporation of such companies in Scotland was of a 
somewhat later date. The earliest, so far as I have been able to 
discover, was in 16 18 when James VI. as King of Scotland 
incorporated a number of English, Scots, and Zealanders to 
be a company to fish at Spitzbergen. This company had an 
unfortunate history, for after much shipping and provision had 
been purchased or arranged, the King was influenced to annul 
the Scottish patent and to arrange instead that the Russian and 
East Indian Companies should join stock and be one joint 
■company for the whale fishery. According to Macpherson^ the 
new adventure had a disastrous ending. Thirteen ships were 
sent to the fishery, but the Zealanders proved superior at 
Spitzbergen, and being exasperated by certain seizures of their 
property in the preceding year and disappointed by the rescinding 
of the Scottish patent, they ** attacked, overpowered, rifled, and 
dispersed the English ships, most of which returned home 
empty." 

The next incorporated Scottish company to which reference 
need be made was the great national project of Charles I., for 
the establishment of a general fishing company to be composed 
of subjects from each of his three kingdoms. We find from the 
English State Papers that the idea seems to have taken definite 
shape towards the end of 1629. Thus, under date 28th 
November of that year, we find a Prospectus in the handwriting 
of Sir John Coke, Secretary of State, which apparently had been 
agreed to at a meeting held that day at Suffolk House. It bears 
to be for the institution of a Company of Adventurers for com- 
peting with the Dutch in their fisheries. A stock of ;^i 1,000 
or ;^i 2,000 was to be raised, and preparation was to be made 
for building, as a commencement, 40 "busses" or fishing 
vessels. A committee was appointed to carry out the scheme.^ 
Under date 23rd April of the following year (1630), we have 
another estimate in the handwriting of Secretary Coke bearing to 
set forth the charge and profit of a fishing to be established at the 
Isle of Lewes in Scotland. The charges of the outfit of a fishing 



^ Annals, vol. II. p. 287. 

- Calendar of State Papers (Domestic) f p. 108. 
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fleet are calculated at ;^6,743 6s. 8d., and the return of profit 
upon three fishings in one year is ^^ 18,2 70.^ There is also an 
undated communication inventoried in the Calendar of English 
State Papers as belonging to the year 1630, and referred to in 
these terms. ** Secretary Coke to Captain John Mason, employed 
by his Majesty to treat with the Lords of the Council of Scotland, 
about the erection of a general fishing. Instructions to lay 
before the Council at Edinburgh the propositions which have 
been approved in England. A stock is to be raised by the 
contributions of adventurers ; 200 vessels of between 30 and 50 
tons are to be built and supplied with necessaries, and the pro- 
fits are calculated at ;^i65,4i4 per annum. Lewis is to be 
established as the seat of a continual fishing along the west coast 
ofScotland."2 

The following steps in the movement, so far as Scotland is 
concerned, are given at length in an Appendix to Thomson's 
Scots Acts of Parliament for 1630.^ On 30th July, 1630, Sir 
William Alexander, Secretary for Scotland, presented to the 
Parliament of Scotland a Missive Letter from the King together 
with written instructions received from his Majesty as to treating 
with the Estates of Scotland " about the erectioun of a general 
fishing." The instructions form a lengthy document, commencing 
with a long preamble as to the great wealth of fish around the 
coasts lost by neglect, and as to the rights of fishing belonging to 
"our imperiall crowne," but usurped by strangers. It then 
proceeds : — " We have now taken a royall and firme resolutioun 
to sett up a commoun fishing to be a nurserie of sea men and to 
increase the shipping and trade of all parts of our dominiouns." 
Then follows a detailed estimate of probable expenditure and 
profit, being no doubt an elaboration or adaptation of Mr 
Secretary Cokeys estimates already referred to. It seems, how- 
ever, to have occurred to the King or his advisers, that a 
combined joint-stock would not work well when applied to a 
national undertaking applicable to the three kingdoms. The 
proposed English joint-stock company seems to have come to 
nothing, and therefore the instructions proceed : — " And becaus 
it is not held sensible to mesnage this commoun bussines by a 
commoun and joynt stocke, bot rather in severall companeis or 

^ State Papers, f p. 241. ^ State Papers, | p. 450. 

•** Scots Acts, vol. V. , pp. 220-246. 
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members, whiche, notwithstanding, may have relatioun to one bodie 
or corporatioun for setting furth the shippes and in sharing the 
benefite quilk sail be raised by the fishing." In other words, an 
" open " company was to be incorporated, the members of w^hich 
should consist of individuals, or partnerships, or, it may be, of 
companies with a proper joint-stock. Sir William is further 
instructed to propone to the Estates the proposed form of 
government of the company which is to consist of a common 
council composed of "sindrie chosin men of qualitie of each 
natioun " of which it is said " there be lait erected formes both 
in Spaine, France, and the Low Countreis." The Estates are 
also to be asked to appoint commissioners to treat further of 
the matter. The Minutes bear that commissioners w^ere 
appointed accordingly. 

We find another account of this meeting among the English 
State Papers in the form of a communication from Captain John 
Mason at Edinburgh to Secretary Coke. It bears that on the 
30th July, 1630, "into the Lord Chancellor's chamber, he lying 
sick of the gout in his bed, were gathered the Council to hear 
read the King's letters and instructions touching the fishings. 
They were afterwards represented to the three estates, and a 
committee was agreed upon which should give a resolution to 
the propositions ; but little can be done until they have returned 
home, and have treated with their people, and then commissioners 
will be sent to London to give resolution."^ Further objections 
being made, the King's patience is exhausted. On 12th 
October, 1630, he sends two Missive Letters in somewhat 
peremptory tones. To the first of these a postscript is added 
in the King's own handwriting as follows : — " This is a worke of 
so great good to both my kingdomes that I have thought good by 
these few lynes of my owne hand seriouslie to recommend it unto 
you. The furthering or hindering of whiche will ather oblige or 
disoblige me more then anie one busines that hes happened in 
my tyme. C.R."^ After various conferences with the burghs and 
with the English commissioners the Scottish Council, on 30th 
November, 1630, made "observations upon the general instruc- 
tions by way of objection." It was urged that the fishings to be 
reserved to the natives as necessary for their subsistence should 
be defined, and that other matters should be made clear. To this 

^ State Papers, \ p. 322. '-^ Scots Acts, vol. v., p. 230. 
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the English commissioners replied that "his Majesty does not 
intend to take away particular and personal grants of any of his 
subjects, but that every brother of this company be made capable 
according to the respective laws of each kingdom to freely fish 
there ; this mutual participation being the bond of union and sole 
means to recover his Majesty's right and power at sea, and to 
enrich all his subjects and these chiefly where the • greatest 
fishings are." The proceedings following were protracted and 
wordy, and it was not until nearly two years afterwards 
that a charter of incorporation was granted on the "open" 
principle. The Letters Patent were ordered to be passed under 
the great seals of both his Majesty's kingdoms, and the Scottish 
copy was accordingly sealed on 7th September, 1632. We have 
no official record of the subsequent career of this incorporation, 
but we are told by Macpherson that " all this in a few years after 
came to nothing for want of judgement as well as honesty in the 
managers of it."^ 

The height of the " fisherie " folly was reached at the period of 
the bubble mania. There were four fisherie schemes in 17 19, 
in regard to which the chairman of a committee of enquiry 
appointed by the House of Commons, remarked that " they were 
in some sense Apostolical fishermen, as designing not to catch 
fish but men. "2 When in October, 17 19, ;^8,ooo,ooo was asked 
for '* The Grand Fishery of Great Britain," this enormous sum 
was subscribed in four hours. Two millions of this capital was 
reserved for Scotland, which was four times the whole stock of 
money requisite to transact the country's domestic affairs. When 
a subscription of ten millions was to be taken up for another 
" fisherie, the throng was so great that," according to a news- 
paper of the day, " twelve pence a head was given only to be let 
in, and then they, not being able to come at the table, threw 
their gold to it tyed up in a handkerchief, and the whole was soon 
compleated.'"^ 

As may be judged from the particulars already given, the El 
Dorado of the seventeenth and eighteenth centuries, at least in 
P2ngland and Scotland, was the herring-fishery, and repeated 

^ Annals of Commerce, vol. ii. pp. 365, 378. 

'^ House of Common^ s founial, xix. p. 351. 

'^Edinburgh Evening Courant^ 18-19, April, 1720. See Dr. Murray's 
York Buildings Company^ p. 21. 



Richard Brown on Early Scottish Joint-Stock Companies. 237 

failure seems only to have stimulated to fresh financial combina- 
tions. In 1654 another earnest attempt was made by persons of 
distinction in London to establish a company for this purpose^ 
and for their encouragement the English Commonwealth granted 
them an exemption from the duties on salt and on naval stores 
to be used in their fishery. Yet, like the others, the scheme 
proved unsuccessful.^ Again, in 1661, King Charles II. con- 
stituted the "Royal Fishery Company of Great Britain and 
Ireland," of which the King's brother (the Duke of York), the 
Lord Chancellor (Clarendon) and other distinguished persons 
formed the council. Many privileges were granted to the com- 
pany, e.g., they were authorised to set up a lottery and to have a 
voluntary collection in all parish churches. "Moreover all houses 
of entertainment, as taverns, inns, ale-houses, etc., were to be 
obliged to take one or more barrels of herrings at the stated price 
of 30s. per barrel, and 2s. 6d. per barrel was to be paid to the 
stock of this company on all foreign-caught fish imported.'* 
" Yet," says Macpherson, " it all came to nothing.''^ Another 
abortive company was incorporated in 1677, under the title of 
" The Company of the Royal Fishery of England," of which the 
Duke of York was again a partner. Its capital was nearly all lost 
before 1680, and its remaining assets were disposed of in that 
year to meet its debts. In 1683 the charter was again made use 
of by a new set of subscribers, but this second attenjpt was also 
unsuccessful.^ 

In Scotland, similar incorporations, privileges, and immunities 
were granted, and in 1690 one of the first Acts under the 
Revolution Settlement, was to cancel the Gift of Erection of a 
company called "The Royal Company of Fishing." The Act 
narrates that " the late Royall company erected for fishing is now 
dissolved by reteiring their stockes and quyteing the prosecution 
of that trade in company, as was designed in its institution, and 
yet they continue to exact six pounds Scotts per last of all 
herrings exported furth of this Kingdom."* • 

In 1 66 1, in the reign of Charles II., two important Acts of a 
general nature were passed, affecting the incorporation of 
manufacturing and trading joint-stock companies in Scotland. 

^ Macpherson's Annals of Commerce, ii. 459. 

2 Macpherson, ii. 503. 

^ Macpherson, ii. 584. 

•* Thomson's Acts, 1690, c. 103. 
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Both Acts were framed on the same model, and their titles explain 
their general objects. The first is 1661, c. 275,^ and is called an 
"Act establishing Companies and Societies for makeing lining 
cloth stuffs, etc/' The second is 1661 c 279, and is entitled an 
"Act for the Fishings and erecting of companies for promoteing 
the same." In both cases societies are to be formed on the joint- 
stock principle for the promotion of the respective objects ; the 
shares are to be assignable, and are to descend to heirs ; and the 
affairs are to be managed by a council. No one is to contribute 
less than 500 merks Scots, and no one is to be eligible for the 
council who owns less stock than 1,000 merks. The preamble 
of the Act for manufactories bears " that many good spirites 
having aimed at the publict good have for want of sufficient 
stocks councill and assistance been crushed by such undertake- 
ings, "and that "Oure Soverane Lord and Estates of Parlia- 
ment." ..." Doe conceave it necessar to create and erect 
companies and societies for manufactories That what wes above 
the capacity of single persones may be caried on by the joynt 
assistance, Councill and means of many.'* 

From 1693 onwards we find many Acts of Parliament in- 
corporating particular manufacturing companies. Thus by 1693, 
c. 49 James Foulis, John Holland, and six other merchants are 
incorporated for the purpose of manufacturing "baises," and the 
undertaker^ named and their "heirs and assigneys, partners, 
associates, and successors " are to have a monopoly of the trade 
for seven years. By 1695, c. 33 James Lyell, of Gairden, who is 
spoken of as having long resided and carried on trade in 
Scotland, obtained power to erect " manufactories of oyle, and of 
rabbet and hair skins." The " oyle " was to be extracted from 
hemp and other seeds, and as to the " rabbet and hair skins " 
the Act sets forth LyelFs intention " to bring these to the best 
avail here " by bringing " them first into wooll, and then into 
hatts." Again by 1693, c. 52 a linen manufactory "at Paul's 
Work at the foot of Leith Wynd, and at the Citadel of Leith, 
was erected into a free incorporation." The stock was not 
to be withdrawn from the use of the linen manufacture except 
with the consent of partners holding three-fourths of the entire 
stock, and provision is made, as in all these cases, for the transfer 
of the shares and for a register of the transfers being kept by the 

^ Thomson's Acts. 
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company. Another Act of the same year (1693) is entitled an 
" Act erecting the Woolen Manufactory at Newmilnes " 
(Haddington) " in a free incorporation." The provisions of this 
Act are similar to those already referred to, but from other sources 
we learn some further particulars regarding the company to which 
it relates. It is stated that in the reign of Charles I. there were 
cloth-works on a small scale at Newmills, and that these were 
in a thriving condition till Dundee was stormed and sacked by 
Monk in 165 1, when a store of its cloth was taken, and the 
troubles soon after closed the work. In 1681, through the 
personal exertions of the Duke of York, a body of men, in- 
cluding Mr Robert Blackwood and several other merchants in 
Edinburgh, was induced to associate for the setting up of a new 
work at Newmills, the produce of which was to be disposed of 
by them under peculiar regulations. It was to be under the 
care of an enterprising Englishman named Sir James Stanfield, 
who for some time had been settled at Newmills. We also 
learn that six sheer men and a foreman having been brought 
down from England, the work commenced in August, 1681 with 
two looms. These were soon increased to eight, soon after to 
twenty-five, and in 1683 the work was still extending.^ Further 
incidental references to the Newmills Company are contained in 
the Records of the Privy Council. At this time there were strict 
laws against importing cloth from England which could be 
manufactured in Scotland,^ but in February, 1683, General 
Dalyell represented to the Privy Council ** that he cannot be pro- 
vided in this kingdom with as much cloth of one colour as will 
be clothes to the regiment of dragoons," and he consequently 
obtained a licence permitting the cloth manufacturing company 
at Newmills "to import 2,536 ells of stone-ray cloth from 
England, for clothing the said regiment of Dragoons,*' they 
finding caution under £^^00 sterling to limit the importation 
strictly to that quantity. About a month later the Council made 
a change in this order to the effect that the General might appoint 

^ Pamphlet on the Woollen Manufactures, Edin., 1683. 

2 The Act, 1681, c. 78 "for encouraging Trade and Manufacturies " ab- 
solutely prohibits the importation of ** all forraigne Holland Linnen Cambrick," 
etc. , and ** all other forraigne Cloaths and stuffs made of Linnen or Cottoun wooll 
or lint," also all foreign silk or woolen stockings, foreign laces or point and 
foreign made "gloves, schon, boots, or slippers." Contraband goods are to 
be "burnt and destroyed," and the importers or resetters "fyned in the 
value. " 
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a person to import the cloth — not exceeding five shillings 
sterling the ell — instead of the Newmills Company. We are 
further informed by the Privy Council Records, that it was con- 
sidered necessary to have a dye to distinguish the military from 
"skulking and vagrant persons who have hitherto imitated 
the livery of the King's sojers." Accordingly, on 28th August^ 
16S4, the Newmills Co. offered to furnish from their own work 
a suitable cloth " of what dye should be desired," and as cheaply 
and expeditiously as it could be had from England. They would 
show " swatches " (samples) within a fortnight and give security 
for the fulfilment of their undertaking. The Lords, however, 
decided to use English cloth, and thus gave great offence to the 
Newmills Company. They shortly afterwards presented a petition 
desiring that a stop might be put to the importation of English 
cloth for the soldiery, as such cloth could be furnished as cheaply 
and of as good quality from the native factory. In order that 
they might not be " utterly ruined and broke," they begged that 
a committee might be appointed to verify their statements. A 
committee was appointed accordingly, but with no result so far 
as appears. In the same year we find that the Newmills 
Company were obliged to defend their monopoly against out- 
siders. It was complained to the Privy Council that certain 
parties had sold suits of clothes of English cloth, notwithstanding 
that they had been invited by the Newmills Company to join 
their concern. It was narrated that a previous complaint had 
been followed by a Royal proclamation remitting the penalties, 
but that the delinquents, slighting so great a mark of clemency, 
had imported more during the few months which had since 
elapsed, than they had done for two whole years before, "in 
open contempt of His Majesty's laws to the destruction of trade 
and commerce within the Kingdom, to the cheating, abusing and 
oppressing of His Majesty's lieges, and manifest endangering of 
the said manufactory, and ruining of the persons therein con- 
cerned." The offenders having been oft called before the Privy 
Council, and having failed to appear, were held as confessing 
their guilt, and accordingly decerned to deliver up the prohibited 
clothes and stockings to be burned, and at the same time to 
recompense His Majesty's Cash Keeper for them "at twelve 
shillings sterling for the ell of cloth, two shillings sterling for the 
ell of stuff, and five pounds sterling for ilk dozen of prohibite 
stockings." 
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Previous to 1693 the legislature had paid greater attention to 
the manufacturers than to the traders or merchants, but in this 
year a general Act was passed for the " Encouraging of Forraigne 
Trade." ^ The preamble sets forth the importance of -trade to the 
wealth and welfare of the kingdom, and that the most effectual 
way to improve and enlarge such trade is by the encouragement 
of companies whereby that may be undertaken " which it is not 
possible for single persons to undergo.'' It is then enacted that 
merchants, more or fewer, may contract or enter into societies and 
companies for the purpose of foreign trade "in the usual manner 
as such companies are set up and in use in other parts," and this 
being done the companies are to have the powers, rights, and 
privileges, given by law to companies erected for manufactories. 
Further, the king promises them Letters Patent under the Great 
Seal "in the forme and with the solemnities in such cases 
accustomed." 

In 1695 ^^ first and most important practical outcome of the 
Act of 1693 for encouraging foreign trade, was the incorporation 
by Act of Parliament of what is now generally known as the 
** Darien Company," but which was then titled " A Company 
Tradeing to Affrica and the Indies."^ The Act gives to John, 
Lord Belhaven, and twenty other persons named, ** with such others 
as shall joyn with them within the space of twelve months after 
the first day of August next, and all others whom the foresaids 
persons and these joyned with them or major part of them being 
assembled shall admit and joyn into their joynt stock and trade, 
who shall he repute as if herein originally insert, to be one body 
incorporat, and a free incorporation with perpetual succession by 
the name of the Company of Scotland tradeing to Aifrica and the 
Indies." The quota of each subscriber was not to be less than. 
;^ioo, nor more than ;^3,ooo. Power was given to the Company 
to have a common seal, to sue and be sued, and to hold and 
convey land and other estate real and personal. Creditors of a 
particular member might affect his share by real diligence, but. 
were not to have any further right or power over the stock or 
capital. Nothing is said as to limitation of the liability of the 
members, such Hmitation being assumed as following from the 
nature of incorporation. The history of the African or Darien 
Company is fully detailed in the " Darien Papers " published by 



^ 1693, c. 50- ^ 1695, c. 10. 

VOL. xxxiv. Q 



242 Royal Philosophical Society of Glasgow, 

the Bannatyne Club in 1849 and edited by Dr J. H. Burton from 
manuscripts and documents in the possession of the Faculty of 
Advocates. From these we find that the whole stock amounting 
to ;^4oo,ooo was almost immediately subscribed, and that more 
than half of this sum was paid up. The subscribers consisted of 
1,423 persons, including 243 resident in Glasgow and neighbour- 
hood, who collectively subscribed ;^56,32 5 of the total sum. The 
Darien Scheme was the pet project of William Paterson, the 
founder of the Bank of England, and was, more than any other 
company, a truly national undertaking. Its disastrous ending was 
not due to the gambling mania which about this time or shortly 
afterwards took a firm hold of London and Paris, and was 
evidenced by such schemes as the South Sea Bubble and the 
Mississippi Scheme. In the case of the Darien Company the 
capital sum embarked by the Scottish nation in the enterprise 
represented a very large proportion of the whole floating capital of 
Scotland at the period.^ The national character of the scheme 
was subsequently recognised, by the Act of Union between 
England and Scotland, which by the 15th Article provided that, 
out of the equivalent given to Scotland for the charge made upon 
that country towards payment of the debts of England, the princi- 
pal stock and interest of the African Company should be refunded, 
and in this way ;^232,884 5s. was allocated to the shareholders. 

Before parting from the incorporated companies a short refer- 
ence may be made to the famous York Buildings Company, which, 
although not, strictly speaking, a Scottish joint-stock company, had 
in the course of its career more influence upon Scotland than any 
other company of the eighteenth century. The company was 
incorporated by Act of the English Parliament in 1691, in 
connection with a water-works scheme previously worked by two 
parties under Letters Patent granted by Charles II. in 1675. The 
purpose of the company, as incorporated, was to supply water by 
pumping from the Thames, to the numerous buildings rapidly 
rising upon the grounds of York House, formerly the London 
residence of the Archbishops of York. The buildings so being 
erected were then suburban residences of London, though the site 
is now almost in the centre of the city, and in immediate proximity 
to Charing Cross Railway Station. The water-works were useful 



^The whole circulating capital of Scotland at this time did not exceed 
j^8cx),000. Dalrymple, Memoirs of Great Britain^ iii., p. 130. 
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in their way, but competition had naturally reduced their revenue 
and dimmed their prospects, and in 17 19 the proprietors offered 
them for sale. It happened that at this very time the Commis- 
sioners appointed to deal with the estates in Scotland forfeited 
during the rebellion of 171 5 were anxiously seeking for purchasers, 
but owing to the unpopularity of their proceedings in Scotland, 
and the remoteness of some of the estates from any large centre of 
population, they were not likely to realise a fair value. It accord 
ingly occurred to certain enterprising financiers that this was a 
golden opportunity for a new company to purchase these estates, 
and to dabble in annuities according to the custom of the time. 
The York Buildings Company who were selling their works with 
the attendant privileges of incorporation, did not value these 
privileges as the speculators did, and thus the whole stock was 
purchased by six persons for ;^7,ooo. The new Court of Proprie- 
tors immediately chose the Duke of Chandos as Governor, and 
on 27 th October, 17 19 they ordered that a subscription should be 
opened at Mercers' Hall " for raising a joint stock and fund of 
;£ 1, 200,000 for purchasing forfeited and other estates in Great 
Britain. The subscription was eagerly taken up, and in the course 
of a few months the ;^io shares were selling at ;;f 305, being 
upwards of thirty times their nominal value. The land was 
purchased and many large districts in Scotland thus came to be 
owned by this singular company. As usual in such cases the 
affairs were grossly mismanaged and were never a financial success. 
Like other bubbles the company early came to grief. In 1720 
the stock was absolutely unsaleable, but the directors did not, 
(like those of most other similar companies), succumb to unfavour- 
able circumstances. They finessed and schemed, invented lotteries, 
went into extensive purchases of woods, set up iron-furnaces, 
bought coal-works and salt-pans, introduced into Scotland a " new 
fire-engine ** made wooden railways, and finally they leased mines 
of gold, silver, copper, lead, tin, and iron. All the schemes were 
magnificent in conception — all unremunerative, and at least for 
the time being, disastrous. After fifteen years of such dealing the 
company found itself in the meshes of the old and cumbrous 
Scottish process of a ranking and sale, and from this time onward 
the Scottish law reports them with cases in which the York 
Buildings Company are pursuers or defenders, and in regard to 
which it can at least be said, that they assisted in the development 
of Scottish jurisprudence. The last case arising out of the 
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company's affairs was decided on appeal in the House of Lords so 
late as 1824, more than a hundred years after the company had 
made Scotland its happy hunting ground. It is rather remarkable, 
however, that after all these vicissitudes the whole liabilities of 
the company, principal and interest, were discharged. 
Scotland was not altogether a loser by the action of the company 
in its territory. Improvements in agriculture and machinery, 
unheard of before, were imported into many districts, and many 
legal points were set at rest at the cost of the numerous litigants 
in the various actions, not less than 100 in number, which were 
directed by or against the company or arose out of its affairs. ^ 

On 17th July 1695, three weeks after the incorporation of the 
African and Indian Company, the Scottish Parliament passed 
an "Act for erecting a Publick Bank," which, together with six 
other Acts subsequently obtained, forms the constitution of the 
Bank of Scotland. By the Act, a joint-stock amounting to 
;^i, 200,000 (Scots money) was permitted to be raised by the 
company, and the company was incorporated in the usual terms. 
The preamble of the Act is interesting in so far as it narrates 
" how useful a Publick Bank may be in this Kingdom according 
to the custom of other Kingdoms and States ; and that the same 
can only be best set forth and managed by Persons in Company 
with a Joynt-Stock, sufficiently indued with these Powers and 
Authorities and Liberties, necessary and usual in such Cases." 
The history of company law in Scotland was after this date 
largely a history of banking companies, both incorporated and 
unincorporated. The Royal Bank of Scotland was incorporated 
by Royal Charter on 31st May, 1727, and at the first consisted of 
members of a company called the Equivalent Company incor- 
porated in 1 7 19, and consisting of the holders of Government 
debentures for the payment of an equivalent grant payable to 
Scotland under the Act of Union. This Equivalent Company 
had made overtures of union with the Bank of Scotland, and 
having failed in their purpose they agitated for an extension of 
their powers to enable them to do banking business on their own 
account, with the result that the charter already mentioned was 
granted to such of their number as chose to transfer their stock 
into a new company to be constituted under the title of the 
Royal Bank of Scotland. 

'For further details see The York Buildings Company, by David Murray, 
LL. D. (Glas. ), from whose interesting work the above particulars are extracted. 
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The British Linen Company was incorporated by charter of 
George II. on 5th July, 1746. It was not at first a banking 
company, but from an early period it seems to have engrafted 
banking on to its original business. The banking seems for a 
long period to have been of a semi-private nature, and to have 
resembled that of contemporary private bankers. It was not 
uotil 19th March, 1849, when a new charter was obtained, that 
the company was formally recognised as a banking corporation. 

Of the existing banks of issue in Scotland only the three 
named, viz., the Bank of Scotland, the Royal Bank, and the 
British Linen Company, originally possessed incorporation with 
its full attribute of limited liability. The charters of the Com- 
mercial Bank and the National Bank obtained in 1831, granted 
incorporation, but, in virtue of the powers contained in the 
general Act of 1825, the incorporation given was on the principle 
of unlimited liability.^ The other banks of issue in Scotland 
had no limitation to the liability of their shareholders until 
provision was recently made for their registration as limited 
liability companies. From this cause arose the troubles con- 
nected with the fall of the Western Bank and the City of 
Glasgow Bank. 

Of the private companies trading upon a joint-stock we have 
as already mentioned a very imperfect record. Indeed, it is 
sometimes difficult to ascertain in what cases an association 
of individuals was a mere private partnership or a joint-stock 
company. In many of the more important private companies 
there can, of course, be no doubt as to the transferability of the 
shares, and generally when we find a body of merchants or other 
persons aggregating for the purpose of carrying on some business 
which is not the principal one upon which each separate member 
has been engaged, we may take it that it is conducted on the 
joint-stock principle. M*Ure, in his History of Glasgow pub- 
lished in 1736, gives a history of a number of associations of 
the description mentioned. Thus, there is the soap-work which, 
in the year 1667 was owned by nine persons who occupied 
an important position in the city but were also engaged in 
other concerns. Each of these, it is said, gave in ;^ 1,500 sterling 
in order to carry on a great trade towards the Straits and the 
Greenland fishing. They built a ship at Belfast carrying 40 

^ 6 George IV., c. 91. See Kerr's History of Banking in Scotland, p. 158. 
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pieces of ordnance, and also three other ships which were all 
fitted out, but the projects of the company having been frustrated, 
nothing remained of the assets except the buildings wherein 
soap was boiled. We have also M*Ure's authority for the state- 
ment that the Wester Sugar Work was started in 1667 by four 
merchants " who put in a joynt-stock for carrying on a sugar 
work.*' They at first got a little apartment for boiling sugar, 
a Dutchman being master-boiler. This undertaking proved 
effectual and their endeavours so successful that, in M*Ure's 
words, they "left this little apartment and built a great stone 
tenement with convenient office houses for their work within 
a great court with a pleasant garden belonging thereto." Similar 
details are given regarding the Easter Sugar Works in Gallowgate, 
the South Sugar Work in Stockwell Street, the King Street 
Sugar Work on the east side of King Street, the Rope Manu- 
factory on the west side of Stockwell Street, BelFs Tanyard, 
which, we are told, *• is admired by all strangers who see it," the 
old Tannery, Paul's Tannery, and Luke's Brewery. 

Many of the private joint-stock concerns of this period, and 
during the whole of the eighteenth century, as well as many 
ordinary private partnerships, carried on the business of banking 
along with that of merchant or manufacturer. Banking at that 
time was quite unrestricted, hence the more important concerns, 
and even some of very inferior repute, issued their own notes, 
which might be for any sum, and were frequently for five 
shillings, or even for one shilling. The public had of course 
to judge for themselves as to the value of these notes, and were 
guided by the general reputation of the issuers. Many interesting 
particulars regarding these concerns from the banking point 
of view will be found in Mr A. W. Kerr's History of Banking 
in Scotland, and in the valuable little pamphlet entitled " Bank- 
ing in Glasgow during the Olden Time" published in 1862 by 
the late Mr John Buchanan. 

Of the larger unincorporated joint-stcck banking companies, 
that of Douglas Heron & Company may be specially referred to. 
The company was formed in 1769 for the purpose, as stated in its 
contract of co-partnery, " of carrying on a joint-trade and business 
in banking upon a solid, creditable, and respectable footing." 
The contract was to endure for twenty-one years, and the business 
was to be carried on "under the firm of Douglas Heron & Com- 
pany, Bankers in Air." The headquarters were Ayr, but branches 
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with separate directors were to be established in Edinburgh and 
Dumfries. The capital was ^150,000, divided into shares of 
;^5oo each, of which the Duke of Queensberry and Dover sub- 
scribed the first four shares. To judge from the Report of the 
Committee of Enquiry afterwards appointed by the shareholders, 
and which extends to nearly 400 quarto pages, the recklessness 
and mismanagement of the Directors in the various centres was 
manifested from the first, and brought the whole concern to very 
speedy ruin. They opened their doors for business on 6th 
November, 1769, came to a practical stoppage in June 1772, and 
formally resolved to give up business in August 1773. There 
being no system of statutory winding up in those days, a committee 
of shareholders was appointed for this purpose. This committee 
found that, not only had the whole subscribed capital been lost, 
but that there were still outstanding liabilities to the extent of 
;^7o,ooo, rendering it necessary to make a call upon the share- 
holders of ;^2oo per share. Among the numerous questions 
decided in the litigations which followed was an important one as 
to the liability of the shareholders to pay this call. It was 
stoutly resisted, and a clause in the Articles of Copartnership was 
founded on in these words : " Nothing herein contained shall be 
understood to import a power in any general meeting whatever, to 
compell any partner to pay or contribute any more to the com- 
pany's stock than the precise sum by him originally subscribed 
for." In one of the actions referred to, the Court of Session 
repelled the defences,^ and in another case a similar decision was 
affirmed by the House of Lords.^ 

About the year 1736, when M*Ure published his History of 
Glasgow, there seems to have been a general tendency on the part 
even of smaller tradesmen to imitate larger firms, and to give their 
concerns the appearance, if not the reality, of a joint-stock. 
Among the list of shopkeepers in the city given by M*Ure is the 
firm of Robert M*Nair, Jean Holmes & Company. Of this Mr 
Robert M*Nair, the author of " Glasgow Past and Present " says : 
" At the time in question there were few individuals in Glasgow 
possessed of large capital ; in consequence of which all extensive 
undertakings were carried on there by joint-stock companies having 
several partners, perhaps six or eight, who each respectively 

* Douglas Heron ^ Co. v. Hair, 1778, Mor. 14605. 

- Gordon v. Douglas Heion <^ Co., 1795, 3 Pat. app. 428L 
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furnished his quota of capital. ... Mr M*Nair was resolved 
not to be behind these companies, and accordingly assumed his 
wife as a partner, and had his firm painted above the shop door, 
** Robert M*Nair, Jean Holmes & Company." On the same sub- 
ject the editor of the second edition of M*Ure, writing in 1830 
says, " Robert M*Nair and Jean Holmes were husband and wife. 
From being a small huckster, M*Nair became an extensive 
merchant and sugar baker. He purchased the Easter Sugarie 
about the middle of the last century. A satirical song was com- 
posed on the occasion, which began thus : — 

* You're welcome to the sugar-house, 

Robin M*Nair. 
You're welcome to the sugar-house, 

Robin M*Nair, 
How is your sister Bell ? 
And how is Jean Holmes hersel' ? 

Robin M*Nair.'" 

The M*Nair combination was obviously not a joint-stock 
company, but at most an ordinary partnership. As narrated, 
however, the incident is significant in so far as it shows the kind 
of company sought to be imitated, and the popular ridicule 
attaching to an attempt to invest a private concern with the 
importance attaching to a joint-stock. 

The modern developments of joint-stock company law, including 
on the one hand incorporation by the mechanical process of 
registration, and on the other hand the prohibition of all private 
trading partnerships consisting of a greater number of partners 
than twenty,^ has practically led to the extinction of the unincor- 
porated joint-stock company. The simple manner in which in- 
corporation may be obtained, including the limited liability of the 
partners, has taken away any special motive for the institution of 
a joint-stock without incorporation, and also puts the transferability 
of the shares to heirs and assignees beyond any dispute. An 
unincorporated joint-stock company at the present day, even if the 
number of partners is within the legal limit, runs the risk of be- 
coming illegal at any time by an increase of the number of share- 
holders through transfer of shares or through the death of a 

^ In banking concerns the number is limited to ten. The restriction appears 
to have been first created in England in 1708, as a privilege in favour of the 
Bank of England. The Act of that year prohibited any other company or 
partnership consisting of more than six persons from carrying on the business of 
banking in England. 
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partner and division among his heirs. We may therefore take it 
that the unincorporated joint-stock company is now practically 
extinct. 

The subject which I have undertaken to place before you 
to-night is an extremely wide one, and I feel that I might have 
given it greater interest by elaborating some of the more living 
characteristics of obscure companies. All I have been able to do 
is to take a general survey from a historical point of view, which, 
though very far from complete, may serve as a guide to further and 
more minute enquiries. 
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XL — Divergence and Divergive Power in Elementary Optics, 
By R. F. MuiRHEAD, M.A., B.Sc. 



[Read before the Mathematical and Physical Section, 15th April, 1903.] 



Methods for determining the position of the image of a luminous • 
point formed after reflection or refraction, at a plane or spherical 
surface, whether by calculation or by geometrical construction, 
have belonged for ages to the common stock of optical 
knowledge. 

To Lord Kelvin, however, is due the credit of introducing an 
improved nomenclature and a rule for calculation in connection 
with such problems, which simplify very considerably their 
mathematical aspect as presented to the student, and which lay 
a smaller burden on the memory of the calculator. His treat- 
ment of the subject, which is fully expounded in an article by 
Dr Magnus Maclean in the Philosophical Magazine for November, 
1889, pp. 400-402, is however, applied only to thin lenses. The 
aim of the present paper is to show the advantage of mak- 
ing a slight modification by which Lord Kelvin's method can 
be made to apply to the case of a single spherical (or 
plane) refracting surface separating two media of different 
refractivities. 

In re-stating Lord Kelvin's method, I shall shorten the state- 
ment by confining it to divergence and divergive power ^ and on the 
understanding that convergence is negative divergeiice^ this will not 
restrict generality of application. 

It is to be understood that what follows refers to a narrow 
axial pencil of rays passing through a thin lens. 

Definition i. — The divergence of a pencil of rays with reference 
to a lens, is the reciprocal of the distance from the apex of the 
pencil to the lens. 

Definition 2. — The divergivity or divergive power of a lens is- 
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the reciprocal of its focal length, taken positively if the lens is 
divergive, negatively if convergive. 

Rule, — The divergence of a pencil of rays after passing through a 
kns^ with reference to that lens, is got by algebraically adding the 
divergive power of the lens to the divergence of the pencil before 
entering the lens. 

It is hardly necessary to point out how much this simplifies the 
treatment of elementary problems on lenses. It is worth noting 
that the method is in entire harmony with the modern method 
of specifying spectacle lenses by dioptries or diopters, which was 
introduced by some continental ophthalmologists about a genera- 
tion ago ; the dioptry or diopter is in fact the metric unit of 
convergive power. 

As the whole question is one of appropriate terminology, it 
may not be amiss to point out that the term refractive poiver, used 
in some standard books to denote what we have called divergive 
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power or divergivity, has less appropriateness than these, in as 
much as the power in question depends as much on the shape of 
the lens as on the refractive index of its material. When the 
context renders it unnecessary to distinguish between divergivity 
SLad convergivity the simple term power of a lens (or potency, as 
proposed by Lord Kelvin) is no doubt the most convenient. 
Further, the opinion may be hazarded that for oral use, divergive 
power is a better phrase than divergivity, as the speaker and 
listener ^e more prone to confuse the latter with divergence. 

Before introducing the proposed modification of Lord Kelvin^s 
definitions, let us reproduce the ordinary elementary investigation 
of the image of a point after refraction at a spherical surface. 
We adopt the convention that distances are positive when in the 
direction of the propagation of light. This convention as to sign 
must be carefully adhered to. Let a narrow pencil of rays 
diverging from a point A (Fig. 1) fall on a spherical refracting 
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surface CZ>, separating two media whose refractive indices are 
u and u' respectively. Let AOCh^ the ray passing through O the 
centre of the spherical surface, and AD one passing near to it, 
and let A' D be the line which, produced, gives the direction of 
the ray refracted at Z>. 

By the law of refraction iiSinODA = ii'SinODA' . . . (i) 

SinODA __ AV _ AC- PC _ x-r 
^^"^ SinDOA ^ AD ^ AC ^ ^ • • • V^) 

SinODA' _ A^^ A'C-OC ^ ^v_^ 
^"^ SinDOA' ~ A' D^ A' C ~^ -' • • (3) 
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Hence in the limit //. = /a' — r— (4) 

where x = AC^ x = A'C&nd r ^ OC 

(4) may be written ^ = ^ + ^^^^ (5) 

X 

Now let - be called the effective distance from A to the 

x 
surface in the medium whose index is /*, and similarly for — ; and 

let /a' - /A be called the relative refractivity of th£ second medium^ 
with reference to the firsts or the refractivity of the surface in 
passing from [x to /*'. We propose the following modification of 
Kelvin's definitions : — 

Definition i'. The divergence of a pencil of rays with regard to 
a refracting surface, is the reciprocal of the effective distance of 
the surface from the apex of the pencil. 

N,B, — The appropriate /a to be used in calculating the effective 
distance is that belonging to the medium in which the rays really 
are, and not that in which the image lies, if it is virtual. 

Definition 2'. The divergive power or divergivity of a spherical 
refracting surface is the divergence it produces upon a pencil of 
rays originally parallel. 

N,B. — Formula (5) shows (if we put - = 0) that this divergive 

power is the product of the refractivity of the surface (taking the 
media in the proper order) and its concavity^ taking concavity to 
denote the spherical curvature reckoned positive when the surface 
is concave to the incident rays. 

With these new definitions. Lord Kelvin's Rule^ as given on 
page 251, holds good if we substitute refracting surface for lens. 
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It is obvious that for a plane refracting surface the concavity 
being zero, so is the divergivity ; and therefore the rule reduces 
to this : The divergence of a pencil of rays with reference to a plane 
refracting surface is unaltered by refraction. 

As a simple application of this, let us find the apparent depth 
a: of a pool of clear water whose refractive index is |^, as seen by a 
person looking vertically downward, the real depth being a. 

Let A (Fig. 2) be a point at the bottom of the pool, and A' its 
image, AA'C being vertical, and WCL the water level. 

, . , , /* / as 

Applymg the rule we get - = - •'• •^^" = 2 ^' 

The more general form of the rule, when the refracting surface 
is not plane, may have its application illustrated if we deduce 
from it the formula for the position of the image of a point with 
respect to a thin lens, />., to a lens whose thickness may be 
neglected in comparison with the other lengths dealt with. 

Taking for the standard case a lens having both of its spherical 
surfaces concave to the incident light, the radii being r and r , we 
have divergence after 2nd refraction = divergence after ist refrac- 

i-M,. ,^ /.. M-i ^~M 
tion + — — = divergence before refraction + + — r- 

+ (/^-^) (> - -p)' 
If we take the divergence before to be zero, this reduced to 
divergive power of lens = (fjb-i) f - - —A 

Hence we have the complete elementary theory of the thin lens; 
which in most of the current text-books is reached by a more 
roundabout method, that of considering the lens as made up of a 
number of portions of prisms. 

As a third example of our method, take the question of the 
apparent displacement of an object, as seen through a thick piece 
of plate glass held at right angles to the line of vision. 

Let A, A\ A" (Fig. 3), be the object, and its first and second 
images, lying in a line ACD perpendicular to the surfaces of the 
plate glass and meeting them in C and D, 

Applying our rule for the first refraction, we have 

'AC ^ AC '' M^=^'^- 
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Applying our rule for the second refraction we have 
:A" = Jd - ^^'^ = ^^ = A'C^CD 

.-. [i^{A'c -^ CD) - iiAC + cn 

.-. (ii-i)CD= ii{AC-A"C)=iiAA" 

CD 
.-. AA" .= CD - • 

/^ 

The final result may be expressed by saying that the object is 
apparently displaced towards the glass through a distance equal to 
the excess of the actual thickness of the glass over its effective 
thickness. 

It is well known that if we treat the reflected ray as if it were in 
a new medium for which //,= -i, then reflection becomes a 
particular case of refraction, and the formulae for reflection are 
got from those for refraction by putting ii— - 1, 

This is true also with regard to our Rule. The refractivity of 
the reflecting surface becomes - 2, and therefore the divergive 

power = - - for a concave, spherical mirror, and + - for a 

r r 

•convex one. 

For example, if AA' C be the axial ray from a point A, 
meeting in C a concave spherical mirror of radius r, and if A' 
is the image of A^ our rule gives 

-J- ^. J-+--1 or J_ + _i_ = l 
A'C AC r ' A'C AC r 

which is the well-known formula. 

Of course when r = 00, i.e., when the reflecting surface is plane, 
the formula reduces to AC— —AC 

It should be carefully noted that the term divergence applies 
not to a pencil of rays per se^ but to the pencil with reference to a 
lens or refracting surface. From this it follows that, in dealing 
with successive refractions (as in the third example given), we 
cannot take the divergence of the pencil with reference to the 
first surface after refraction, as being the same as its incident 
divergence with reference to the second surface. Only w|ien the 
distances between the refracting surfaces are negligible, as in the 
thin lens, or several thin lenses placed close together, can we 
take the divergive power of the system as equal to the algebraic 
sum of the separate divergivities. 

These examples may suffice to show the advantage of 
the extension or modification of Lord Kelvin's method, 
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as given in the present paper. The modification, like 
the original method, lays no claim to novelty in its results, or 
even in the mathematical essence of its processes, but only in its 
terminology and point of view. But in these days when science 
is pushing forward its new roads into hitherto unexplored 
regions with almost bewildering rapidity, any little economy of 
thought effected by repaving or smoothing the highways which 
are trodden by thousands may be none the less welcome. 

Note : — Since the above was handed to the Editor, I have dis- 
covered in an optical treatise of a former generation, an interesting 
partial anticipation of the terminology and point of view of Lord 
Kelvin's leaflet and of the present paper. In "A Treatise on 
the Reflexion and Refraction of Light," by Henry Coddington, 
M.A., F.R.S., Fellow of Trin. Coll., Camb., etc., published at 
Cambridge in 1829, the divergence of a pencil of light with 
reference to a plane or spherical reflecting or retracting surface is 
taken as being measured by the reciprocal of the distance of the 
apex of the pencil from the surface, and the use of the terms 
convergence and divergence with reference to a lens would, in the 
case of a thin lens, agree exactly with Lord Kelvin's definitions. 
Power of a lens Coddington adopts from Herschel, for the 
reciprocal of the focal length. This corresponds to Kelvin's 
Potency, He even anticipates Lord Kelvin in applying a name 
to one of the two quantities, of which \ki^ power is the product, 
proposing the term refractive power to denote /a - i, a quantity 
called refractivity by Kelvin. 

It will be seen that Coddington anticipates, to a large extent, 
both Lord Kelvin's method and my modification of it. But by 
choosing the reciprocal of the actual distance of apex from surface 
instead of the effective distance as the measure of divergence^ he 
fails to attain all the simplicity that is possible, and in place of 
the one rule which I have shown to hold for all the cases in 
question, he gives several, one of which (from p. 57 of his 
Treatise) I may quote here as a specimen. It refers to a pencil 
of rays refracted directly at a concave spherical surface, and runs 
thus: 

" The divergence of the refracted pencil is less than it would have 
been with a plane surface^ namely i/ftth of the divergence of the 
incident pencil, by a constant quantity^ which is exactly the con- 
vergence given by the same curved surface to parallel raysJ^ 

This statement would, of course, have been shortened if our 
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author had used a single word for "the convergence given hy 
the same surface to parallel rays," and there seems no reason why 
he should have confined the word poiver to denote the same 
quantity with regard to lenses only. But even then we do not 
reach the simplicity of : 

** Divergence after = Divergence before + divergive power/' 
Nor do we get a rule directly applicable to all cases. 

Before laying down my pen I shall propose one more name, 
one to designate the second of the two factors of the convergive 
power of a thin lens. Let the sum of the spherical curvatures 
of the surfaces, taken positive when they are convex outwards be 
called lis plumpness, then we have the rule : 

Convergive power = (refractivity) x (plumpness), 
to show how that power depends on the material and on the 
shape of the lens. Of course the plumpness will be negative for 
a double-concave lens, and in fact for any lens which is thinnest 
at the centre. 

It would be useless to offer reasons for the acceptance of this 
new term. If found useful and appropriate, it may " catch on." 
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XII. — Can the British Empire he made Self supporting 1 
By G. F. Scott Elliot, M.A., B.Sc, F.R.G.S. 



[Read before the Society, 14th January, 1903.] 



A PROPER answer to this question involves reference to authorities 
of the most different kinds. It depends not on one science, but 
on a whole series of sciences, from botany to political economy. 
But, in spite of its importance, this question is scarcely ever 
heard of in practical politics, because those who work at such 
very different subjects are generally unacquainted and out of 
sympathy with one another. 

For those who are inclined to dismiss the whole question off- 
hand as Utopian, academic, and contrary to the current views of 
orthodox political economy, I would venture to suggest the follow- 
ing obvious and incontrovertible facts. 

In our trade with the Colonies and India, the benefit is not 
confined to the mere business transaction which is recorded in 
the Board of Trade Returns. A British merchant or planter will 
obtain his machinery, and eventually spend his profits, in the 
British Empire. Very likely he will settle in Great Britain and 
contribute to the general welfare of the country. A German or 
American, on the other hand, will, by preference, spend in his 
fatherland the profits of his trade with Britain. Thus trade with 
the Colonies is infinitely more important than trade with 
Foreign Countries. 

Then again there is a national danger in relying, as Great 
Britain does, on foreign countries for the food we eat and for the 
raw cotton which is the foundation of our great textile industry. 
In the event of war, we should be threatened with wholesale 
starvation. In the cotton and tobacco trades, the methods of 
American Trusts, and reckless speculation in New York, migtit' 
involve us in industrial calamities of the most horrible kind, eyen|.'v 
in times of peace. : 

Some knowledge of the possibilities of the British Empire, as 
regards climate,^is clearly an essential preliminary. 

VOL. xxxiv. " R 
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The world's climates may be roughly divided as follows, and it 
will at once appear that the British Empire possesses an ample 
supply of land in every one of the regions considered. 

1. Arctic Regions or Tundras. — Characteristic products are 
Seals, Walrus, Whales, Furs, and such plants as the Tripe-de- 
Roche and some other Lichens. All British North America 
above the limit of Conifers and Birch lies in this, at present, 
almost valueless country. 

2. Pine Forests. — This region is limited on the north by the 
wind and cold of the arctic zone ; on the south it is very difficult 
to draw a distinct boundary. Hardwood trees replace Conifers 
wherever the land and climate are sufficiently good. Considera- 
tions of altitude, drought and fertility of the soil, determine which 
of them will occupy the land. Most of British North America, 
and especially British Columbia, belong to this region. In fact, 
Siberia and British North America are the only two possible 
sources of the world's coniferous timber supply in the future. 
There are also small mountain forests of Conifers in most of our 
British possessions (Deodars, Kauri, Widdringtonia Whytei). 
Besides timber, pulpwood, turpentine, resin, etc., this region is 
probably able to produce oats, rye, and perhaps other crops, 
although only in its southern portion. 

3. Grain Countries. — Originally these were occupied by hard- 
woods, such as beech or oak in Britain. They have a temperate 
climate, and are suitable for European colonists. Here again 
there is Canada, a large part of Australia, Natal, Zululand, and 
much of the Orange River, Transvaal, and Rhodesia. 

4. Temperate Grasslands. — Naturally covered by prairie or 
coarse grass, which was originally pastured by bison, buffalo, 
antelopes, or kangaroo, and which will, in the future, afford 
grazing for cattle and sheep. The colonies mentioned above 
possess in every case much land well adapted for grazing 
animals. 

5. Tropical Plateaux above 5,000 feet alt. — We have 
in Uganda and British East Africa, both grasslands and forests at 
about this altitude. These were at one time densely inhabited by 
big game, and they may become European colonies, but nothing 
very definite can be said either as regards their area or possi- 
bilities in the future. 

6. Mediterranean Climate. — This may be defined as too 
dry for wheat, and characterised by the Olive, Orange, Cork- 
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Oak, Figs and Almonds. With irrigation, almost anything can be 
grown (notably cotton). 

In Greater Britain, there is Cape Colony, Cyprus, a large part 
of Australia, possibly part of British Columbia, Kashmir, and other 
places which belong to this zone. 

7. Deserts. — Although generally considered useless, the 
Sahara has the Date Palm and the Camel. It is an exceedingly 
healthy region. Less known products are the Esparto-grass and 
a few drugs and spice plants. 

The Kalahari desert, the Spinifex of Australia and parts of 
British Beluchistan correspond to the Sahara in climate and may 
have a similar history. 

8. Sub-tropical Region. — This zone is never too cold for 
tropical plants, and never too hot for those of the temperate zone 
Almost every plant can be grown which is of use to mankind. 
The banana and orange are the most typical, but there is no pro- 
duct confined to this region. The Canaries are a typical example, 
and in the British Empire, the Bermudas, part of Australasia,; 
especially of Queensland, belong to this zone. 

9. Tropical Monsoon Regions. — Distinguished by distinct 
wet and dry seasons, and naturally covered by thorny scrub or 
open, park-like country, sometimes by coarse grass, or in low-lying 
places by marshes. Characterised by ordinary tropical plants, e.g.y 
banana, sugar-cane, cocoanut, manioc, sweet potatoes, and in the 
lower grounds by rice, jute, etc. British India, Northern Nigeria, 
much of British Central Africa, the West Indies, as well as Uganda 
and British Central Africa, have a distinct wet and dry season. 

Until a thorough botanical survey has been made on the lines 
of Schimper's Botanical Geography and Engler's Handbucher, it is 
not possible to define rigorously, or to give even a guess as to the 
prospects either of British East Africa (in the wider sense), of 
Rhodesia or of British East Africa. Every transition can be found 
between the climate of Somaliland (incense and gum trees), and the 
Zambesi valley of which the lower part belongs to the next 
zone. 

10. Wet Coast Jungle. — Naturally a close forest with tall 
trees, creepers, and a dry season not severe enough to affect the 
vegetation. It is distinguished especially by malaria and a 
thoroughly bad climate. It is important as the source of India- 
rubber and guttapercha. 

This is very well developed in the coast districts of West Africa, 
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Sierra Leone, Southern Nigeria, and especially in Burmah, Malaay, 
and parts of Borneo. 

II. Mountain Tropical Forests. — These are distinguished 
by heavy rainfall, often 600 inches per annum, and are well 
exemplified by the tea districts of India and the Mountains of the 
Moon in Africa. 

The following important plants require special mention, as they 
do not fall within any region exactly. 

Vine (Regions 4, 6,) can be cultivated up to a certain latitude 
in Germany and France, which is far north of that of the ordinary 
Mediterranean plants. 

Cotton. — An annual plant can be grown from the tropics of India 
to the south of France (see below). 

Coffee. — Belongs to the Monsoon region, but is only cultivated 
profitably under very special conditions, which are not at present 
thoroughly understood. 

The above shows, however, distinctly that so far as climate 
goes; the British Empire includes that of every valuable plant, 
known to man. 

On close examination of the Board of Trade Returns for 1901, 
it is found that, in the following products, our Colonial trade is 
greater than that with other countries. The most important is 
Sheep and Wool (including under this head sheep, mutton, 
sheepskins, wool, etc.). There is, however, a large amount of 
woollen manufactures imported into Britain, which might be 
manufactured in this country. 

TABLE I. 

Products in which Colonial produce is decidedly above that from Foreign 



countries. 



Sheep and Wool, 

Rice, 

Palm Oil, ... - 
Cocoanut Products, 
Spices (Pepper, Ginger, etc.), 
Oil-seeds, .... 

Sago, 200,000 

Rapeseeds, 200,000 100,000 

Tea, 8,600,000 800,000 

Jute, 4,300,000 



COLONIAL. FOREIGN. 

;^24,9oo,ooo ;£"8, 300,000 

1,800,000 700,000 

1,000,000 300,000 

500,000 100,000 

600,000 200,000 

400,000 100,000 
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The most remarkable point about this table is the fact that tea 
which is very heavily taxed, is now practically a British industry. 
Why should this one product be so treated ? It is an essential 
for European life; the profits of cultivation are very narrow indeed, 
and yet we find that (Mr J. Ferguson),^ the duty in England is 
heavier than that imposed by the United States, Denmark, 
Holland, Belgium and Sweden. The fact is that a century or 
two ago a prejudice existed against tea, and now, while we call 
ourselves a free trade nation, the second national industry is 
heavily taxed. There is neither free trade nor commonsense in 
this proceeding. 

Jute is also a valuable Indian industry ; some 96,000 people 
find employment in its manufacture, and about 81,000,000 
rupees worth was produced in India. 

TABLE II. 

COLONIAL. FOREIGN, 

Mahogany, - -. - - - ;^400,ooo ;^300,ooo 

Teak, 500,000 100,000 

Shell, 400,000 100,000 

Feathers, 900,000 600,000 

Rabbits and Fur, .... 500,000 500,000 

Furs, - - - - - - 400,000 800,000 

In some other specially East Indian products, such as those in 
Table II., the colonial produce is either more important than the 
foreign material, or not very far behind. These, however, are 
almost the only products in which colonial produce approaches 
the foreign import. 

In some cases, there is really no reason why we should take 
foreign goods in preference to our own colonial j)roduce. We 
import both opium and quinine almost entirely from abroad, 
although India, alone, is capable of supplying all we require. We 
pay ;^3oo,ooo for yeast which could be easily produced in Great 
Britain itself. 

In other cases there is no sufficiently detailed description to be 
able to say whether the foreign article can be replaced by British 
produce as in the following list; Fruits (not enumerated), nuts, 
drugs, oil-seeds, pickles, goods. These, together, make about 
;^4,9oo,ooo from foreign countries, as against ;^ 1,000,000 from 
Greater Britain. 

^ (Editor Ceylon Observer^ Journ. Soc. Arts, September 21, 1900.) 
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In marine products again we are greatly dependent on foreign 
countries. 

TABLE III. 

COLONIAL, FOREIGN. 

Fish (all kinds), . - - - ;^8,700,ooo ;£"2, 100,000 
Sealskins, Sponge, Whalebone, etc., 200,000 700,000 

But it is in the case of corn and foodstuffs that the pre- 
dominant foreign import is.most marked. It is also very dangerous. 
Mr Lowles^ states that on an average there is less than a month's 
supply of grain in the country. At present the foreign import 
is nearly six times that of the Colonial, as is shown in the following* 
table. 

TABLE IV. 

FOREIGN. COLONIAL. 

Corn, ;£"i7i5oo.ooo £^^^00,000 

Airley, 6,000,000 100,000 

Oats, - .... - 6,000,000 400,000 

Rye, 200,000 100,000 

Peas and Beans, - - 1,100,000 300,000 

Wheatmeal, .... 9,500,000 900,000 

Oatmeal, Starch, etc., - - 500,000 

Meal, 100,000 

;£"40,9oo,ooo ;£"7,30o.ooo 

Yet this is not because Greater Britain is unable to grow 
cereals and especially wheat. The world's wheat supply is 
estimated at about^ 2,586,884,000 bushels. Of this, India, with 
225,400,000 bushels; Australia, 48,500,000; Canada, 58,100,000; 
United Kingdom, 67,200,000; and Cape Colony, 1,900,000 
bushels, make nip, in all, 401,100,000 bushels, or between a sixth 
and a seventh part of the world's supply. 

The consumption is very great in Britain, and shows scarcely 
any sign of decrease. Of our colonies, Canada is certainly the 
most promising as a future wheat supply. It must be remembered 
that the first daily passenger train over the Canadian Pacific 
Railway only started in 1886. Along that line, and a very few 
miles on either side of it, farms and ranches, mines and lumber- 
mills have sprung into existence. But it is a very small propor- 

^ Journal Soc. Arts, April 22, 1898. 

'^ Coghlan. ** Seven Colonies of Australia." 
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tion of the area of British North America that gives us at present 
some ;^3,6oo,ooo of corn, and a quite insignificant part of the 
colony. For Canada Sir W. Crookes^ gives a maximum of 
25,000,000 acres under wheat in the next twenty-five years. If 
we accept this estimate, then taking the current yield of 15*5 
bushels per acre in Canada, and allowing only 8,000,000 acres to 
be under wheat in any one year, this would afford a yield of 
about 69,000,000 cwts., or, say, ;^23,ooo,ooo, as the Canadian 
crop in twenty-five years' time. This, however, is an estimate for 
wheat only; the area available for oats and rye is very much greater. 
Moreover, others well acquainted with Canada (Mr H. Macdowall), 
have given me ;^4o,ooo,ooo as the probable value of the Canadian 
grain-crops in a few years' time. By that time also, it is more 
than likely that the yield per acre may have been increased; 15*5 
bushels per acre is very small compared with Denmark's 40 
bushels, and our own average of some 30 bushels per acre. 
Thus, Canada might very greatly increase the yield of wheat, and 
still more largely supplement the oats and rye which we take from 
abroad. Moreover, it is clear that the supply of land in the 
United States is no longer inexhaustible, as is shown by the 
recent emigration into Canada from that country, so that the 
most important foreign producer may be obliged to diminish ex- 
ports to this country. Besides Canada, there are other possible 
sources. Not much can be expected from India, as the home 
consumption has to be considered (Mr Wagle^ estimates the 
export of wheat in 1899 -1900 as over 39,000,000 rupees). In 
Australia, estimates of production vary, as is shown below. 
Perhaps Mr Coghlan's, based on a five years' average, is the 
safest. 

New South Wales, - - - - 9*9 per acre. 

Victoria, 8 

Queensland, 15*5 

Tasmania, .... - . 19 

New Zealand, 24*6 

West Australia, 117 

South Australia, 4*6 

Moreover, in Tasmania alone, there are said to be 14,700,000 
acres available. Mr Bonwick gives one case of a farm (Saltponds, 

^ Presidential Address to the British Association, Bristol, 1898. 
'-^Journ. Soc. Arts, March 14, 1902. 

3 Mr Dyer (Australasia) London, 1900, Victoria, 9 J : N. S. Wales, iij ; 
Queensland, 14J ; Tasmania, 17 J ; N. Zealand, 23 
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Tasmania), continuously under wheat for twenty-six years without 
manure, and yet giving 40 bushels per acre. Even at present, in 
ordinary years, there is in Australia itself, the produce of 750,000 
acres available for export (Coghlan Lc), Other cereals appear 
also to yield well. Oats average 20 bushels in Australia, and 3 2 '8 
bushels per acre in New Zealand ; Barley 167 bushels Australia, 
and 287 New Zealand. Thus there is a prospect of greatly in- 
creasing supplies from Australasia. 

There are other possessions also which are not yet sufficiently 
examined for a detailed estimate. 

For South Africa Sir William Willcox, K.C.M.G., has given a very 
careful estimate of the possibilities with irrigation. He estimates 
that half the Orange River Colony, two-thirds of the Transvaal, and 
one-fifth of Cape Colony (10,000,000 acres) can produce crops with- 
out irrigation, and that an additional 3,000,000 acres worth 
;^i 00,000,000 might be obtained at an expense of ;^3 0,000,000. 
Though this estimate seems to me a very low one, yet it is best 
to underestimate. 

Then there are Rhodesia, Natal, Zululand, Uganda, and British 
East Africa. In all of these (of the last four I speak from ex- 
perience), there is certainly some land available for wheat, but 
such words as " immense," " incalculable," and " vast," are best 
avoided. A botanical survey on modern lines is very necessary 
in all of them, and until this is done, no definite estimate is 
possible. A curious commentary on the use we make of our African 
possessions lies in the fact that Indian corn or maize is almost 
wholly drawn from foreign sources (;^i 2,400,000 from abroad, 
and ;£5 00,000 from the Colonies in 1901), though maize could 
be grown almost everywhere in our vast African lands. 

Taking cattle products as including such items as animals, hides, 
leather, horns, glue, butter, tallow, cheese, beef, lard, milk, etc., 
we find that the imports from foreign countries amounted to 
^56,700,000, and from our Colonies to ;^'i 5, 100,000. A very 
large amount of this foreign produce might be raised in Britain 
(e,g.^ ;^9,ooo,ooo Danish butter probably largely from Russia and 
Germany), but there is still room in Australia for 39,000,000 cattle 
according to Mr Coghlan, and a very large part of the Transvaal, 
Orange River Colony, Rhodesia, and British East Africa are natural 
grasslands, capable of forming ranches on the American scale. 
Wangeman records in the Transvaal a herd of antelopes which 
was about four miles long ; I have myself seen zebras and 
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antelopes on the Athi plain in thousands, more numerous than the 
<:attle in an English pasture, and in Canada also there are great 
possibilities. 

As regards grassland, therefore, there is probably little doubt of 
our being able to replace the ;^56,ooo,ooo which we now get 
from foreign countries. These grasslands are at present scarcely 
occupied at all, and cannot be distinguished readily from 
agricultural parts suitable for grain. 

It is to the grain and grass countries in Greater Britain, that 
we must look for the supply of the other products and animals 
•shown in Table V. The majority could be obtained by scientific 
methods in Britain, but probably a large part must come from 
the Colonies. 

TABLE V. 

FOREIGN. COLONIAL. 

Pork, Bristles, Bacon, Hams, £\^.^go^ggo ;{^i,2CX),cxx) 

Hay, 6cx),ooo 20O,cxX) 

Apples, Pears, Cherries, etc., - - i,5CX),ooo 500,000 



Hops, 500,000 

Potatoes and Vegetables, - - 2,700,000 500,000 

Poultry, Feathers, Eggs, - - 6,200,000 300,000 

Spirits and Beer, - . . . 1,800,000 800,000 

The best horse-breeding countries in the world are in our own 
hands, (Ireland, the Transvaal, and Australia), and yet we paid for 
horses, ;^i, 000,000 to foreign countries. As regards Mediter- 
ranean products, such as oranges, lemons, figs, raisins, almonds, 
olive oil, and cork, there is not the least doubt that Cape Colony, 
Australia, and British Columbia could supply the ;£5,5oo,ooo, 
which we now pay to the Mediterranean seaboard and other 
countries. 

For characteristic subtropical plants, such as the banana and 
pine-apple, we must look to the West Indies. An American 
captain took a load of bananas to the United States in 1875, and 
now the banana crop of Jamaica is worth ;£'8 14,000. The 
enterprise of Sir A. L. Jones, K.C.M.G., has started the present 
trade with this country, which, if it continues as it has begun, may 
transfer to our own colonies the ;^7oo,ooo which we pay to 
other countries for bananas. Nor, according to the acting 
Colonial Secretary for the Bahamas, is there any reason why 
we should not get our pine-apples from these lovely islands. 
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Ordinary tropical products are largely in our own hands, but 
foreign cocoa is valued at ;^i,8oo,ooo annually, and British 
at only ;^6oo,ooo. There is no reason why this should be 
the case. 

The history of the sugar industry is a very disheartening one- 
to those who believe in the commonsense of Great Britain. In 1 747, 
a Prussian chemist discovered beet-sugar and a method of pre- 
paration. Napoleon I., who had been thoroughly beaten in the 
great struggle for the sugar trade in the West Indies, encouraged 
the beetroot industry, with the result than in about a hundred 
years the West Indies have been nearly ruined. The sugar 
imported from foreign countries amounts to ;^i 9, 500,000 
annually, while that from the colonies is only about ;^ 1,000, 000. 
Nor, is this all ; ;^i 2,900,000 is refined sugar, and the profits of 
refining, therefore, have almost entirely departed to the continent. 
Sugar-cane in abundance could be obtained from the West 
Indies, Mauritius, and British India, if we would but insist on 
fair play for our colonies. 

Coffee, unlike tea, is chiefly foreign (;^2,5oo,ooo Foreign,, 
and ;;^8oo,ooo British). The Australian coifee has shown ex- 
traordinary yields when grown experimentally (an estimated profit 
of over £$0 an acre, and a much greater yield than in Ceylon). 
Until recently it was hoped that British Central Africa would 
replace the vanished ;^ 16,000,000 lost in Ceylon by the coffee 
disease, but the last few years have not been so successful as was- 
expected. Still, there is no reason why Africa, Australia, and 
India should not furnish all the coffee that we require (Mysore, 
Coorg, and Madras yield about 24,000,000 lbs). 

Wine is perhaps the one product in which it would seem* 
impossible to replace foreign produce by colonial. The British 
empire yields some 8 or 9 millions of gallons (Australia and 
Cape Colony) only about i /400th part of the world's supply, 
estimated by Sir James Blyth in 1901 at 3,618,700,000 gallons. 
Yet this is due to want of skill and experience in manufacture, 
and perhaps to too much confidence in so-called "experts." There 
is nothing mysteriously fit for vineyards in the soil and climate 
of France. 

Exactly the same applies to tobacco, of which, about 
^4,700,000 come from foreign countries, and ^100,000 from the 
colonies. It is an annual plant requiring only 4 or 5 months- 
of favourable weather. In 1832 near Kelso, tobacco, to the 
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amount of i,ooo lbs. an acre, was produced, but the culture is 
forbidden in Great Britain, in accordance with the archaic 
prejudices which led James I., a Czar of Russia, a King of 
Prussia, Sultan Jehanghir, Sultan Amurath II. of Turkey and 
Sheikh Abbas the Great, not to speak of the Emperor Kang Ching 
of China, to prohibit smoking. According to Mr Coghlan, 
Australian tobacco is in New South Wales nearly as productive as 
the average American yield, (1,114 lbs. per acre as compared with 
1,280 in America and 1,050 lbs. per acre in Russia.) The more 
valuable cigar tobacco is a special secret of one district in Cuba> 
yet in British North Borneo and in India there are thriving 
plantations. The Hon. Evelyn Ellis has also established a 
promising industry in Jamaica, and if the Jamaica cigar at 2d. 
is really equal to that sold for 6d. in London, the present 
disparity in imports may be overcome.^ 

The British Cotton Growing Association in Lancashire have 
a very difficult problem to face in the question of reducing, so 
far as possible, our present dependence on the United States 
for the raw material of a manufacture of which we export some- 
thing like ;£^65, 700,000 annually. Our imports from foreign 
countries are about ;£'4i, 400,000 annually (;^7oo,ooo colonial). 
This is a remarkable development from the days of 1720, when a 
penalty of ;;^2o was imposed in England on any person importing 
or wearing cotton. 

The question is not so much one of climate, for the plant is an 
annual requiring only a mean temperature of from 64° — 78° and 
a small rainfall (3-7 inches a month). 

Cotton is cultivated chiefly between 20° and 35*" N. lat.^ 
though it has been grown up to 45" N. lat., and also from 15° to 
29° S. lat. It has been cultivated in Persia since 800 B.C., and 
grows extremely well in Egypt. The real difficulty lies in the 
margin of profit being so very slight. Mr James L. Watkins^ 
the cotton expert, under direction of Mr John Hyde of the 
Washington Department of Agriculture, has prepared a report on 
the cost of growing cotton. The average cost of cultivation on 
3,335 upland plantations was 15.42 dollars per acre, and the 
average total return 19.03 dollars, leaving a net profit of 3.61 
dollars per acre. In the Sea Island plantations, the average cost 
was 21.95 dollars per acre, and return 28.65 dollars, with a profit 

^ Mr Herbert T. Thomas on Jamaica. Journ. Soc. Arts, Feb. 7, 1902. 
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of 6.70 dollars per acre. I am indebted to the British Cotton 
Growing Association, and in particular to Mr H. B. Broadhurst 
for these papers. With these figures, it is clear that the profit 
even of Sea Island is not equal to that made by a good average 
agricultural farmer in Britain to-day. The necessary condition is 
obviously cheap and good labour, and not so much a good 
climate. Thus in Sierra Leone, intermittent attempts have been 
made to grow cotton ever since Europeans annexed it, but 
unsuccessfully. The yield in India is only some 62 to 150 lbs. 
per acre as compared with 149 to 213 lbs. in America, and 340 
to 575 lbs. with irrigation in Egypt. Neither in South Africa, 
Australia or India, does the prospect seem particularly hopeful. 
There is, however, one colony which seems in every respect 
thoroughly adapted to cotton. That is British Northern Nigeria 
with a population estimated at from 25,000,000 to 40,000,000, 
who are for the most part keen traders,^ thoroughly accustomed 
to the growing of cotton. Now for the first time, they have been 
relieved from the crushing domination of the Fulani slave-raiders, 
and have a chance of developing. That is by far the most 
promising of our colonies for cotton growing. 

The world's supply of timber is by no means satisfactory in 
view of the increasing demands upon it. In fact, Britain will be 
forced before long to trust entirely to Canadian lumber or to grow^ 
timber within the United Kingdom. In Canada, Mr G. Johnson 
estimates 450,000,000 acres of spruce ; Dr Bell (assistant director 
of the Geological Survey of Canada) gives 1,657,000,000 acres. 
Mr D. E. Hutchins (Conservator of Forests, Cape Colony), and 
Dr Schlich advocate planting the waste-lands in Great Britain. 
Apparently the area required is only 7,000,000 acres, and, accord- 
to Mr Hutchins an annual vote of ;^ 1,000, 000 for planting 
66,666 acres should yield ;^i6,ooo,ooo in 73 years, which is 
ample for interest at 2 per cent.^ If all existing forests and woods 
were properly treated in this country, they should give an excellent 
profit, instead of being, as they are in most cases at present, a 
burden on the proprietor. Unfortunately, the great forests of 
Australia are all hardwood and not coniferous, though the Karri 
and Jarrah especially are a valuable asset. 



^ Mockler, Ferryman, West Africa. 

-Journ. Soc. Arts, Nov. 24, 1899, March i, 1901. Also Agr. Journ., Cape 
of Good Hope, Oct 27, 1898. 
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Wet Jungle products, such as indiarubber and guttapercha, may 
be taken as signs of a country being undeveloped and scantily 
inhabited. Thus it is not surprising to find that very little of 
the world's supply of rubber (which amounts to some 60,000 tons 
valued at ^15,000,000 annually), comes from British possessions. 
The supplies of these products, like that of coniferous timber, are 
being exhausted, and the only hope for the future lies in 
careful and judicious plantation under Government control. 
The yield, even if Dr Morris'^ estimate of 120 to 140 lbs. of 
rubber per acre after the tenth year be accepted, is not likely to 
tempt any individual planter to live in the unhealthy climates 
which appear to be best for rubber trees. 

Ivory is also apparently certain to disappear from the world's 
markets. 

Another British industry is generally supposed to be doomed. 
Indigo plantations cover some 300,000 acres in N. Behar. Sir 
Steuart Bay ley, K.C.S.I., estimated that a population of 850 to the 
square mile, not to speak of 700 Europeans and an invested capital of 
;^4,ooo,ooo depends upon it. It may, of course, be true that 
German chemically manufactured indigo is sure lo drive the 
vegetable product out of common use in time. If so, when that 
time comes, we shall be dependent on Germany entirely for a 
prime necessity of our textile manufactures. Yet it is by no 
means certain that the synthetic indigo is of the same value as the 
Indian product, and the indigo plantations may have a long life, 
even though they have been threatened for at least ten years by 
the German product. 

Thus, on the whole, although at present our imports from the 
colonies are very much less than those from foreign countries, 
there does not, except in the case of wine and tobacco, appear to 
be any insuperable obstacle to our replacing almost the whole of 
our foreign import by equivalents from the colonies. Moreover 
these colonial imports show a regular and steady increase very 
different from the exceedingly variable amount derived from 
foreign countries. 

Encouragement to these colonial industries is in reality one of 
the most obvious duties of a statesman. Any other country than 
our own would of course heavily tax, for instance, German dyes 



^ Morris ** Sources of Commercial Indiarubber." Journ. Soc. Arts, July 29, 

1898. 
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which compete with indigo, and in this way maintain the value of 
their colonial possessions. For the future of British trade, the 
Colonial markets are a necessity, as we are being steadily driven 
from Continental and the United States markets. What better or 
cheaper method could be adopted than that of preserving our 
colonial possessions by giving their produce a slight advantage 
over foreign goods in the customs ? Such duties would at any 
rate very strongly assist in linking Greater Britain more closely 
together, and would have been imposed long ago in any country 
except our own. The current orthodox doctrine in political 
economy is the solitary obstacle against such a policy. Although 
we have every reason to respect the commercial intelligence of 
Germany and the United States, and though their commerce is 
competing with our own, and certainly gaining ground in many 
places, it is still considered that their view of free-trade is entirely 
unsound, and that we have the correct principle. Sir W. Preece, 
in his address as Chairman of the Council to the Society of Arts, 
publicly stated that want of commercial patriotism and the free- 
trade fallacy are the two chief dangers of the future. In this I 
think most men of business are heartily in agreement with him. 
At any rate, however incorrect in theory, no such considerations 
ought to influence our policy in the case of corn and cotton, 
where national danger is involved by the present condition of 
things. 

The planting of national forests and of rubber plants would 
be a departure from the traditional policy of Britain, which is to 
leave her children as far as possible to fend for themselves, but in 
these cases it is impossible to expect people to lay out money for 
the benefit of their descendants and successors. It would also be a 
profitable business investment, at least according to those best 
qualified to have an opinion on these subjects. Another essential 
for the future is a thorough economic survey of our vast posses- 
sions in Rhodesia, British East Africa, and Northern Nigeria, 
which are at present possibilities only. Even, however, those of 
which we have estimates make it to my mind quite certain that 
Greater Britain could be made entirely independent of foreign 
countries, so far as regards every important product. But in this 
I forget wine and tobacco. 
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NOTE, — The above paper is given exactly as it was drawn up 
for the night on which it was delivered. Since then Mr Chamber- 
lain has made this subject the most important of all the political 
possibilities of to-day, and. almost every leading public man has 
given his opinion with regard to the question of " Free Trade " 
versus " Protection." The point of this paper is not often mention- 
ed in these discussions, for it does not occur to most people that by 
the gradual development of our colonial trade we would be able 
eventually to replace practically everything of importance which is 
obtained from foreign nations. Most of the arguments on this 
part of the subject appear to consider that the present condition 
of things as regards production of foreign nations versus those of 
the colonies, is and must be permanent. That is very far from 
being the case, as the merest glance at the history of the last five 
years will show. Economic questions are of course not dealt with 
in this article, but the fallacy that it is free-trade, and not our long 
warfare with the French and Spaniards, that gave the first impetus 
to our commercial success seems not to be fully realised. On the 
whole, the author feels extremely gratified that what seemed 
academic and Utopian to most of the audience on the night on 
which the paper was read, has been, after several months, brought 
by Mr Chamberlain into the realm of practical politics. 
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XIII. — History in the " Chronicle of the Brnte^ 
By John Edwards. 



[Read before the Historical and Philological Section, i8th March, 1903.] 



It is well known that Caxton printed a Chronicle of England in 
the year 1480, and after his death it was reprinted no less than 
eight times, the last edition being dated 1528. This was the 
popular compilation, known from the legendary " eponymus " or 
founder of the British race, to whom it traces back the inhabitants 
of our Island as the Chronicle of Brute or Brutus. Since 1528 
the book has not been reprinted, and consequently copies 
are rare. 

Caxton, wise in his generation, printed books that were in 
demand, and therefore likely to sell. This Chronicle was one 
of these. No more popular History of England existed in the 
15th and 1 6th centuries. It was what may be called a standard 
work. As such it was used by compilers of historical records. 
For example, in the latter half of the 15th century, Jehan de 
Waurin, Seigneur du Forestel completed his Collection of the 
Chronicles and Ancient Histories of Great Britain. Among 
others he made much use (although writing in French) of our 
Chronicle. Waurin fought against the English at the Battle of 
Agincourt, but that did not prevent him from fighting against the 
French later, and also editing the Chronicles of the victors of 
Agincourt. 

Our first printer, two years after printing " The Chronicle of 
England," sent out from his press another popular history of a 
jnore ambitious scope. This was John Trevisa's translation of 
Higden's Polychronicon or Universal History brought down by 
the printer to 1460. It also was a successful venture, being 
reprinted in 1495 ^tnd 1527. 

But to return to our Chronicle. I have said that, in its day, 

^ it was a standard work. How did it acquire this position ? It 

has about as grave defects as it is possible for a historical work 

to possess. It is largely legendary in its early history, and seldom 

attempts to discriminate between fact and fiction. It is 
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inaccurate in dates and numbers. It is to be said, however, that 
it is not singular in this last defect. Trustworthiness as regards 
figures is not to be expected in an age when statistics had not 
been reduced to a science. It is often so one-sided as to distort 
events, or suppress them to suit the views of its readers. One 
requires to check its statements regarding our earlier history at 
every turn by those of more prosaic chroniclers. It is thus so 
unsafe a guide that you rarely find it referred to in the footnotes 
or appendices of authorities given by historical writers.^ Thus 
in our day, as history of the events it narrates, it is of little 
account, at least until it comes to tell the story of the years near 
its own date, but it was held in very different estimation during 
the 15 th and i6th centuries. Several causes, some of these its 
very defects, combined to give it this popular character. First of 
all, it was written in the vernacular. This, at one step, widened 
largely the circle of its readers and hearers. Previously almost 
all the chronicles and histories were written in Latin, and thus 
appealed only to the learned. It is true that some were written 
in Old French, but this language, I need hardly remind you, by 
the middle of the 15th century was rapidly dying out of common 
use, even among the upper classes of the laity in England, and 
by the beginning of the 1 6th century was entirely a thing of the 
past. Thus in the matter of language the Chronicle of Brut 
appealed to a wide circle and to all classes. Secondly, it was 
very patriotic, and gave due importance to the love of a long 
pedigree as dear to nations as to individuals. It did not, it is 
true, attempt to trace the descent of the English nation from the 
ten lost tribes, but it gave it an equally respectable ancestry 
among the Knights of Troy. In this, of course, it is not original, 
but adopts the legendary records of Geoffrey of Monmouth's 
British History. Finally, in language it is generally vigorous and 
clear, and in some passages it shews picturesque descriptive power. 
It was thus a book very well suited for reading aloud in the 
Baron's Hall, to an audience composed of the Lord and Lady, 
their children, knights, and retainers, and doubtless was in request 
as a change from the metrical romances. 

Let us now glance rapidly at the guise in which are presented 
some of the facts or fictions, which serve for history in our 

^ Dr George Neilson, our President, lately quoted the Chronicle of Brut as 
an authority for the interment of Edmund, Earl of Kent, at the Friars Minors 
at Winchester. (Antiquary, vol. xxxviii., p. 232.) 

VOL. XXXIV. S 
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Chronicle. As has been already said, it takes its distinctive name 
from the circumstance that it traces the descent of the English 
back to the mythical Brute or Brutus, great-grandson of ^neas. 
The Chronicle, however, opens first of all with a preliminary 
legend to explain how England was first called Albion. As the 
rubric puts it — '* Here may a man heren how Engeland was first 
called Albyon and thurgh whom it hadde the name." It tells of 
Diocletian, King of Syria, and his thirty-three daughters, and how 
he married them to thirty-three tributary kings "that were 
lordes of grete honour and of power." We then have an account 
of the very unconjugal behaviour of the thirty- three ladies headed 
by Queen Albyne, the eldest, which ends in each cutting her 
husband's throat during his sleep in bed. They are then driven 
forth from Syria by their justly incensed father, and sent to sea in 
a ship provided with victuals for six months. They sail the sea 
till at last they come to " an yle that is al wildernesse." Dame 
Albyne, as being the first-born, lands first and takes possession of 
the land. * " For as moche," quod she, " as I am the eldeste 
suster of al this companye and first the londe have taken, and for 
as moche as my name is Albyne, I wole that this londe be called 
Albyon after myn owne name." ' When their stock of provisions 
fails, they take first to herbs and fruit, 'but afterwards they begin 
to eat " flesh of diverse bestes and bycomen wonder fatte." The 
devil then appears on the scene, and having no rival in the shape 
of man in the island, he becomes the father of sundry giants — 
horrible giants who dwell in caves and in hills " at their will," 
One is called Gogmagog and another Laugherigan, and these 
possess the land until the arrival of Brute. Having thus explained 
the folk-lore etymology of Albion, the Chronicle proceeds to show 
how the English people first came into Britain, and of what race 
they were. 

It begins thus : — 

" In the noble citee of grete Troye ther was a noble Knyght 
and myghty and a man of grete powder that men called Eneas." 
Aeneas having fled from Troy comes into Lombardy. There, 
*' shortly for to telle, so wel and worthily he did, that he slough 
Turocelyn and descomfited al his peple." King Latyne 
accordingly gives him all the land that had formerly belonged to 
the vanquished tyrant along with his own daughter in marriage, 
** the most faire creature that eny man wiste." His son Ascanius, 
who was born before he left Troy, and thus by a former marriage. 
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succeeded him. He had a son Silveyn who " unwetyng his fader 
and ageyn his wile, aqneynted with a damysele that was cosyne 
[/>., niece] to Laviane that was Kyng Latyn's daughter the queen 
that was Eneas* wyf and broughte the damisele with childe." 
Ascanius becoming acquainted with this state of matters made 
enquiry **of the wisest maistres and of the grettest clerkes," as to 
what sort of child they might look for. They replied that the 
damsel would bear a son and that he would be a rather un- 
comfortable customer, for he would kill both his father and 
his mother : " And so he did," says our Chronicle, " for his 
moder deid in beryng of hym." It then mentions that his father 
gave him the name Brute, and goes on to tell how, at the age of 
fifteen, he fulfilled the remaining part of the prophecy by 
accidentally shooting his father with an arrow. He is forced to 
flee from the country, and comes into Greece where he has 
several adventures, which end in his marrying the King's daughter, 
Yennogen, and sailing with her and his Trojans in loo ships^ 
forth towards the west. On the third day he reaches an isle 
which our Chronicle calls Loegres,^ and there he finds neither 
man nor woman, " ne nothyng dwellyng." There is an old 
temple " of a fayre lady that men called Diane the goddesse." 
Brute is advised by his men to offer sacrifices at the shrine. He 
agrees to do so. The Chronicle proceeds — " Brute wente to that 
ymage and said, * Diane, noble goddesse, lady that all thyng hast 
in myght and in thy power, wyndes, watres, wodes, feldes and 
alle maner bestes that therynne ben, to zow I make my prayer 
that ze me conceyle and telle where and in what place I shal 
haue a convenable dwellinge for me and for my peple. And 
there I shal make in the honour of zow a wel faire temple and a 
noble, wher ynne ze shuU ever more ben honoured.' Whan he 
hadde done his prayer Dianne answerde in this maner, * Brute,' 
quod she, * go euene forth thy way ouer the see in to ffraunce 
toward the west, and there ze shuU fynde an yle that is cleped 
Albyon, and that yle is bycompaced al with the see, and no man 
may kome thereynne but it be by shippe ; and in that lande were 

^ The number of ships in Geoffiey of Monmouth is 324. By Robert of 
Brunne's time they are down to 304. Robert of Brunne tells us : — 
** Thre hundred schipes ther was in taille, 
And foure mo, the story seys, 
When they departed fro the GTegeys."—C/ironic/c, 11. 1316-18. 

2 In Robert of Brunne the name is Leogise, in Geoffrey of Monmouth, 
Leogecia. 
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wonte to ben Geauntz, but now it is not so but al 
wildernesse,^ and that lande to zow is destined and 
ordeyned for zow and for zoure peple.' " "^ Accordingly 
they sail away towards the west and eventually arrive in Gascony 
in the haven of Lye gers (probably Bordeaux.) After conquering 
the land of Gascoyne and its king, Goffar, whom they force to flee 
into France, they have a great battle with eleven of the twelve 
kings who then reigned in France. In the meantime Brute has 
been building **afaire castell and a stronge " in a suitable part 
of Gascony. When this is done, King Goffar along with the 
eleven kings, attack Brute and his companions, and the battle 
above mentioned takes place. The issue is somewhat doubtful 
but Brute slays 2,000 Frenchmen and more. In the battle 
Turyn, Brute's cousin, is killed. The Chronicle proceeds : " And 
Brute lete hym entere worthily whan he hadde space and leiser in 
the castel that he hadde made, and tho lete calle the Tours for 
the name of Turyn that there was entered, and zit into this day 
there is a noble citee that is called Tours." The victory was not 
yet won, however, for in a short time Goffar, hearing of the 
death of Turyn, plucked up heart to attack Brute more fiercely 
than before, so much so that Brute, and his followers, of whom 
Coryn was the chief, had to retire into the Castle of 
Tours. There they devised a strategem. In the words of the 
Chronicle, "Brute and Coryn nome counseyle and ordeyned 
that Coryn privily shulde gon out at a posterne of the 
castel with half his men and shulde gon and bush [ambush] 
hym in a wode till a morewe [the morrow] so that in the mornynge 
whan Brute shulde fighte with his enemys Coryn shulde come 
with his folke on that other side and sleen and done al the harme 
that he might, and amorwe [on the morrow], in the dawenynge 
Brute wente out of the Castel and faught with his enemys and 
they hem feersely defended, but withynne a litel tyme Brute and 
his folke had slayn viiic. of Goffares men, and tho come Coryn 
fro the busshement and smote to grounde, he and his companye 
alle that wolde stonde or abyde ; So that Kyng Goffar and his 
folke were descomfited, and faste they gonne to flee and Brute 



^ Robert of Brunne does not agree with this statement — 
The Geauntz haue hit now in hond. — 1. 1302. 

2 The visit to the shrine of Diana and the offerings made to the goddess are 
told somewhat differently by Geoffrey of Monmouth. 
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and Coryn with her companye feersly hem persuede and quelde of 
hem mo in the fleeynge than they diden in bataile." Brute and 
Coryn resolve to put to sea again and in five days reach Totness 
in Devonshire, " and there they found neither man ne woman as 
the story telleth but Geauntz and they wonede in hilles and in 
caves." The legend is then told of the attack on the new comers 
by thirty giants who slay thirty of Brute's men. In return they 
kill all the giants but the one named Gogmagog, that was 
stronger and " hier than ony of tho othere geauntz." He is 
reserved for a trial of wrestling with Coryn. In the match Coryn 
at first has the worst of it, getting two ribs broken, but in the end 
he dashes his opponent down upon a rock "so that Gogmagog 
brak al to pieces, and so he deyd an evil death and therefore the 
place is called zit unto this day the Saute of Gogmagog." 

Coryn then obtains from Brute all the giant's land which he 
calls after his own name " Cornewayle," "and his men he called 
Cornewayleys." We have then an account of the founding of 
New Troy, afterwards called London, and of the naming of the 
land " Britain " after Brute's own name. Thereafter follows the 
well known narrative of the three worthy sons that King Brute 
begat — Locryn, Albanac, and Camber, who become the eponymous 
heroes of the three divisions of the Island of Great Britain. From 
Locryn we get a pseudo-history embracing upwards of ninety Kings 
down to Cadwallader. 

This history, which seems to us so unreal, and even absurd, was 
not looked on at all in that light by our ancestors. There can be 
litde doubt, as Mr. Alfred Nutt says, " but that the Brutus element 
.in Geoffrey's History, the story of the Trojan and Roman descent 
of the British, contributed very greatly to its popularity and 
influence, and that the purely romantic aspects of the legend 
derived from their association with this pseudo-history a status 
and weight they would otherwise have lacked." ^ 

This history is older in its source than Geoffrey. We find the 
tgerm of the Arthur legend already in Nennius. In his History of 
the Britons there is an account of Arthur's twelve battles with the 
Saxons. Dr. Skene has, I think, proved that the majority of these 
refer to places in or adjoining the ancient kingdom of Strathclyde.^ 
But probably by the end of the sixth century there were among 

^ Nutt's Celtic and Mediaeval Romance, p. 13. 

'-^Celtic Britain, vol. i. p. 153. Arthur died in the first third of the Sixth 
Century, 
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the Brythons of Strathclyde heroic poems which formed the 
nucleus around which clustered the later growths of legend and 
romance which go to make up the Arthur Cycle. But we must 
not pursue this theme further at present. 

Our Chronicle includes of course an account of the prophet 
Merlyn, and of the career of King Arthur summarised from 
Geoffrey. 

As illustrating the diction and also pointing to the Celtic orig- 
inals from which sprang in great part this mythical history, let me 
refer you to the account of Stonehenge. It is contained in 
chapter LXV. of the manuscript volume of the Chronicle in my 
possession. The rubric reads : " How Aurilambross redressede 
thelande of Crete Britaigne that was destroied thurgh Saxsons." 
Then follows the chapter itself: " Now the Kynge Aurilamboss lete 
amende and adresse the hous of Ambeisburg and therynne putte 
monkes, but there ben nonnes, a litel from the place that men 
calleth Salesbury there that the Britouns and Vortiger shulde have 
made a loveday with Engist where that ther were slayn xxx. M. 
[30,000] Knyghts thurgh tresoun of Engist. The Kynge therof 
hadde grete pitee and thoughte to make in mynde of hem monu- 
ment of stone that myghte endure evermore in remembraunce of 
the knyghtes ; and of this thyng they nome her conseile what 
therof was best to done. Tho spak to the Kynge the Bisshop of 
London that men callede Trevekyn that he shulde enquere after 
Merline for he coude best telle how this thing myghte be made : 
And Merlyn after was sought and founde and com to the King 
and the Kyng tolde hym his wille of the monument that he wolde 
have made. Tho answerde Merlyn to the Kyng and saide, ' ther 
been grete stones in Irlande and long upon the hille of Kyan that 
men callen Geauntz-carrol, and zif they were putte in this place as 
they ben there, here they wolde endure evermore in remembraunce 
of tho Kynghtes that here ben enterred.' * Par ma foy,' quod the 
Kyng, *as harde stones ben in my lande as ben in Irlande.' *Soth/ 
quod Merlyn, * but in all zoure lande ben none suche; for Geauntz 
sette hem for grete good of hem self. For at every tyme that they 
were wounded or in eny manere hurte, they wosshen the stones 
with bote water, and than wosshen hem self therwith, and anon 
they weren hool.' " 

I have dwelt thus on this legend of the origin of the people of 
England, as it illustrates the beliefs of our forefathers regarding 
that subject of perennial interest. The Chronicle in its early history 
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makes an attempt to epitomise Geoffrey of Monmouth's Historia 
Britonum, and I may remind you that it was first written in French 
by an unknown author in the reign of Edward III., and called Le 
Livre dii Brut, The French version in its earliest form ends in 
1332, or rather with the Battle of Halidonhill (July 19th, 1333), 
but it is said to have been brought down to a later date in a sub- 
sequent version, and translated into English in the first half of the 
fifteenth century, by John Maundeville Rector of Burnham Thorpe 
in Norfolk, who brought it down to the year 14 18. 

The copy of the Chro?iicIe before us is imperfect, as it ends with 
the year 1377, the date of the death of Edward III. On collating 
parts of it with MS. T. 3-12 in the Hunterian Library of Glasgow 
University, one finds that there is considerable variety of diction. 
Some of the variations are of interest as suggesting that indepen- 
dent translations from the French may have existed. Take for 
example the use of the word " Loveday,^" for reconciliation in the 
MS. before us, the phrase being " the Britons and Vortiger shulde 
have made a loveday with Engist," where the Hunterian T. 3-12 
has "sholde have ben accorded." The Hunterian MS. is less 
condensed. Some of its statements are even a little different ; 
e.g.^ in the passage already quoted regarding the origin of Stone- 
henge, the king is represented as telling the Bishop of London to 
send for Merlyn, whereas, in the copy in my possession, it is the 
Bishop who advises the King to do this. 

I proceed now to give one or two extracts from the parts of the 
Chronicle which have historical value. Our first is the Coronation 
of King Edward III. " And after this Kynge Edwarde of Car- 
narvan, regnede sire Edwarde of Wyndesore his sone, the which 
was crouned Kynge and anoynted at Westmynstre thurgh consent 
and wille of alle the grete lordes of the reaume, upon the Sonday 
in Candelmesse even of oure lady in the yere of grace 
MCCCXXVI 2 that was that tyme of age XV. yere. And for 
encheson that his fader was in warde in the castel of Kenilworthe, 
and eke was deposed of his realte, the reaume of Engelonde was as 
withoute Kynge fro the feste of sainte Katine the yere above sayde 
unto the feste of Candelmasse and tho were alle manere pleez of 
Kynges benche astente. And tho was commanded to alle the 
Shirreves of Engelonde thurgh writte to warne the parties defen- 

^ Loveday, Sequestra, vel dies Sequestra. Prompt : Fm-v : s. v. 
'^ 1st February, 1322. 
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dants thurgh somownynge agen, and also ferthermore that alle the 
prisoners that were in the Kynges gayole that were attached 
thurgh shirrefs shulde ben late gone quite. The Kynge Edwarde 
after his coronation at the prayer and bysechynge of his lieges of 
the reaume graunted hem a chartre of stidefast pees to alle hem 
that wolde it aske. And Sir John of henaude and his companie 
nome her leve of the Kynge and of the lordes of the reaume and 
turnede home to her owne cuntre agen ; and everyche of hem 
hadde ful ryche giftes every man as he was of value and of state. 
And tho was Engelonde in pes and in reste and grete love bytwene 
the Kynge and his lordes, and comounly englisshe men saide 
amonges hem that the devel was ded." 

As we know now, he does not die so easily as the English 
people of that time imagined. 

Our second historical extract refers to the founding in 1344 by 
King Edward III. of his celebrated Round Table in imitation of 
King Arthur, and to the luxury that prevailed in dress at that 
time, which the Chronicler attributes to the influence of the 
foreigners who flocked into the country. It is interesting as being 
found only in the English versions, and thus was not copied from 
French sources. 

**And in the XIX yere of his regne anon after in Januarie 
byfore Lente the same Kyng Edward lete make ful noble justes 
and grete festes in the place of his birthe atte Wyndesore that 
ther were nevere none suche seyn byfore, atte which festes and 
rialte were ij Kynges, ij Quenes, the Prince of Wales, the Duke of 
Cornewaill, X Erles, IX Cuntesses and many Burgeys, the whiche 
myghte not lightly be nombred, and of diverse landes byzonde the 
sea were many straungeres. And at the same tyme whan the 
joustes were done, Kynge Edward made a grete soper, in the 
which he bygan and ordeined first his round table and ordeined 
and stedfasted the day of the forseide rounde table to ben holden 
there at Wyndesore in the Witsonwyke evermore after yerly : And 
in this tyme Englisshe men so moche haunted and cleved to the 
woodnes and folye of the straungers that fro the tyme of the comynge 
of the Henauders [Hainaulters] xviii yere passed they ordeyned and 
chaunged hem every zere diverse shapes and disgisynges of 
clothynge of longe large and wyde clothes destitute and desert 
from al olde honeste and good usage. And another tyme shorte 
clothes and streite-wasted dagged and cutte, and on every side 
to-slatered [slashed] and botoned, sieves and tapetts of surcotes 
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and hodes over longe and large and overmoche hangynge, that 
zif I the sothe shal say, they were more lyke to tormentoures and 
develes in her clothing, shoynge and other aray than to men. 
And the women more nycely passed the men in aray and corious- 
loker, for they were so streyte clothed that they lete hangen fox 
tailles sowed bynethe withynneforth her clothes, the whiche 
disgysynges and pride paraventure afterward broughte forth and 
encaused many mishappes and mescheves in Engelond." 

On a general survey, we may sum up that our Chronicle is not 
by any means of prime importance as an historical record of 
events in the early history of Britain. Its trustworthiness in- 
-creases considerably when it comes to deal with more recent 
occurrences. Its value, however, is to be sought rather as an 
exponent of the beliefs, manners and customs of the time in 
which it was written, and as an interesting example and 
record of the southern vernacular speech of England in the 
fifteenth century. In these two respects it is well worthy of 
■careful study, and it is a great pity that it has not yet found an 
Editor, who by a careful collation of the existing MSS. might 
give us a printed text which would be authoritative and final. It 
still awaits such a Editor, and owing to the number of MSS. 
his task would be no light one. 
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XI\\ — Coi?i'Fi7ids and Hoiv to Interpret Them. 
By George Macdonald, M.A., F.S.A.(Scot.). 



[Read before the Society, nth March, 1903.] 



The science of numismatics lingered so long in the lap of 
dilettantism that even now one almost feels as if an apology might 
be necessary for its intrusion into the august presence of a learned 
society such as this. I fear there may still be some who regard 
the study of coins as at the best a harmless form of amusement, 
rather more expensive, but decidedly less entertaining, than the 
accumulation of picture postcards. The real truth is that, like 
every progressive science, it is daily growing in complexity of 
detail. Only those who make it their business to try and follow 
the literature of the subject, can realise the rapidity with which it 
is developing, and the technicalities in which it is becoming in- 
volved. The result must be that, except to the specialist, a 
strictly numismatic discussion cannot fail to be dull in the 
extreme. But, after all, numismatics is, in one of its most im- 
portant aspects, simply the handmaid of history, and communica- 
tion between the two must be constant. Coins are often the 
only authentic records we possess of vanished stages of civilisa- 
tion, and the lessons we can gather from them are manifold. 
Even our modern currency would not be without value of that 
kind to the student of 2,000 years hence, in the unlikely event of 
all other historical evidence regarding the Britain of to-day having 
been destroyed by some inconceivable cataclysm. Ancient coins 
are, as a rule, immeasurably more informing — partly because of 
their infinite variety, and partly because they are, to a large ex- 
tent, state documents of real importance, executed by artists 
who wrought under a full sense of their responsibility. Properly 
studied, they can be made to throw a great deal of light on 
ancient life and history, and there are there many points at which 
they can fairly claim the attention of all interested in historical 
pursuits. 
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This evening I propose to select but a single corner of the 
wide field that thus lies open, and even there I cannot hope to 
turn the ground up thoroughly. I must content myself with 
endeavouring to set forth one or two general principles, and to 
illustrate them by appropriate examples. What are the kinds of 
information that we can glean from coin-finds ? And what are 
the broad rules by which we must be guided in our inter- 
pretations ? 

The first and the most obvious sort of information is 
geographical. No privilege was more jealously guarded by 
ancient cities than the right of striking and of using their own 
money. Consequently the area of circulation was, in the case of 
the great majority of issues, extremely limited in extent. Care- 
ful observation of the spots where particular classes of coins are 
habitually found, may thus render it possible for us to locate 
with confidence a city whose site would otherwise be altogether 
uncertain. It may even enable us to delimit the boundaries of a 
territory. In Ceos, for example — an island rather smaller than 
Arran — there were, as we know from literary sources, four in- 
dependent communities. Each of these had a mint of its own. 
The various coins that come to light now-a-days, do not occur 
indiscriminately. Each of the four sets is associated with a 
special district. Surely the inference is inevitable : mints and 
districts must correspond. One of the most remarkable applica- 
tions of the principle here indicated is that made by Sir 
John Evans in his masterly work on Ancient British Coifis. The 
coins th^re dealt with are the strange-looking gold and silver 
pieces which began to be struck by our far away ancestors at 
least one hundred years before Julius Caesar's invasion. By 
noting the " find-spot " of each individual specimen, Sir John 
Evans was able to arrive at a satisfactory classification of the 
whole series. Once established, this classification threw not a 
little light on the manner in which England was divided among 
different tribes and chiefs in years that lie far behind the first 
beginnings of ordinary historical records. 

The geographical principle, however, admits of instructive ex- 
ceptions. Certain familiar classes of coins are frequently dis- 
covered hundreds of miles away from the original place of issue. 
The explanation is usually an economic one. Thus, the 
exigencies of international trade (for the ancients were keen men 
of business) demanded something like an international currency,. 
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and so it often happened that, in addition to the local coinages, 
the money of a great commercial state was accepted throughout 
the whole region whose markets it commanded. The silver 
coins of Corinth are a case in point. Or again, on the fringe of 
civilisation, when semi-savage peoples began to learn the use of 
money, particular varieties came to be received with special 
favour, and ultimately to travel into the very depths of barbarism. 
It was in this way that the gold Philippus of Macedonia became 
the model for the earliest coinage of our own island, and it was 
in this way that the petty kings of Southern Arabia were led to 
imitate the silver tetradrachms of Athens. In the two instances 
just mentioned, there were special causes at work. The 
popularity of the Athenian coins, for example, was largely due 
to the exceptional purity of the metal employed. But, where no 
such special influences came into play, we can often draw a circle 
round the area within which the traders of a particular city 
exercised their activity. Marseilles will supply an interesting 
example. The small silver pieces of the old Greek colony of 
Massilia are dug up, not only within the district that we may 
suppose to have been under its domination politically, but also in 
North Italy, in Switzerland, and as far east as the Tyrol. In the 
first instance, such pieces were doubtless carried thither by 
traders. That they were subsequently adopted as a native 
currency is proved by the frequent association of rude imitations 
with genuine pieces in the hoards.^ 

For the most complete and most striking illustration of all, we 
shall have to go to the early middle ages. Enormous*- numbers 
of Oriental coins have come to light in Eastern, Northern, and 
North-western Europe. They are found singly, and they are 
found in hoards. And at least one hoard has been recorded 
which contained more than ii, coo specimens.'^ Russia, Austria, 
and Sweden are the countries where they are most numerous.^ 
The little island of Gotland alone has yielded not less than 
13,000 examples. But several finds have been made in England 
too. A few years ago some of these pieces were unearthed in 
Skye,"* and others have been picked up in the Orkneys, in the 

^ Mommsen-Blacas, Hist, de la monnaie romaiiie, ii. pp. 97 ff. 
'^ Num. Zeitschr, vol. iii. pp. 166 fF. 

^See W. Tiesenhausen, Mommies des Khalifes OrientaiiXy pp. xxxii. ff., 
for a list of the more important find-spots. 

^ Proceedings of the Soc, of Antic] . of Scotland^ 3d Series, vol. ii., pp. 225 ff. 
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Faroe Islands, and in Iceland. Once we have realised how 
abundant they are in Scandinavia, it becomes easy to account for 
their presence farther west. At one period they formed the chief 
currency of the Vikings. But how and why did they make their 
way to Scandinavia at all ? The answer is given by a careful 
study of the places where they are found. It should be explained 
at the outset that they are silver coins of the Khalifs of Bagdad and 
their vassals. They are all dated according to the Mohammedan 
Era, and the dates correspond to years ranging from about 700 to 
about 1000 A.D., when they come to a sudden end. If you were to 
take a map of Europe and mark with a red cross the spots at which 
finds of such pieces are recorded, it would soon become evident 
that they are not sporadic. The terminus a quo lies in the Arabian 
kingdoms to the east of the Oxus ; the terminus ad quern lies on 
the shores of the Baltic. Between these two extremes there never 
was at any time a political connection. The bond can only have 
been commercial. A further examination of your red marks 
would reveal the fact that there were three distinct trade routes — 
one north-west through the steppes to Siberia and North Russia, 
a second across the Caspian and up the Volga, a third over the 
Black Sea to Kieff, and then northwards by the great water- 
ways. Along the lines that the caravans followed, the Oriental 
money was adopted as the usual currency. Of the articles traded 
in, the coins, of course, can tell us nothing, and we must have 
recourse to speculation. It used to be believed that it was 
amber that the merchants sought. But that hypothesis is now 
discredited. A far more probable supposition is that fur, and 
fish, and slaves, probably also cattle, were the mainstay of the 
traffic.^ Why did it cease so suddenly ? The causes were 
primarily political. The kingdom whence most of the coins 
came collapsed in 998 a.d. About the same period the country 
we now call Russia fell into the violent ferment that was to 
herald its ultimate consolidation. Before the struggle was over, 
the traffic must have been diverted into other channels. In any 
event the Oriental coins would probably have fallen out of fashion 
about this time. For Northern Europe was becoming Christianised, 
and the things of Islam would have come under the ban of the 

^ See the very interesting discussion of the whole subject by Prof, von 
Zambaur in the Monatsblatt of the Vienna Numismatic Society for December, 
1902. 
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Church. Lastly, the Scandinavian peoples began to strike money 
of their own, and ceased to require a borrowed currency. 

The point just mentioned suggests a brief reference to another 
curious monetary phenomenon. I mean the finding of Anglo- 
Saxon coins in Sweden and Denmark. The numbers that have 
come to light are nothing short of extraordinary. I have not the 
latest statistics by me, and the figures I now give must fall far 
short of the present total, for every year sees fresh additions 
made to the magnificent collection in Stockholm. But, I may 
say that in 1881, no fewer than 22,000 Saxon coins had been 
recorded as having been found in Sweden alone. ^ The obvious 
suggestion is to connect these with the Viking raids. But the 
facts show the necessity for caution in drawing inferences. 
Hardly any of them belong to the centuries when the Norsemen 
were perpetually harrying the coasts of England. They practically 
do not begin until the reign of Ethelred the Unready, about 
4,400 of whose coins were included in the total I gave above. 
Many of these may possibly represent the produce of the Dane- 
geld, but the fact that the coins of Knut are nearly as numerous, 
shows that many of them must have found their way across 
the sea through peaceful commerce, a conclusion that is borne 
out by the further fact that nearly 50 per cent, of the whole 
number have been discovered in Gotland, the chief emporium of 
Scandinavian trade. These Anglo-Saxon coins, in short, just 
like the Oriental pieces, formed part of the Scandinavian currency 
until they were ousted by native issues. 

Geography has speedily brought us to history. And, before 
■we proceed further, we must draw a distinction. As has been 
already remarked, coins occur sometimes singly, sometimes in 
hoards. Occurring singly, they may be of great value for his- 
torical purposes, even if they are intrinsically worthless, or, on 
the other hand, they may be of no value whatever. It is, in 
the main, a question of locality. Let us take examples from 
near home. Many years ago a gold coin of Alexander the Great 
was found in a Dumfries-shire moss. Such a discovery proves 
nothing. There are a thousand and one accidents by which such 
a portable object might have made its way to this strange 
resting place. We cannot decide between these accidents, and 



^ This is the calculation made by Professor Hildebrand in his catalogue of 
the Stockholm Cabinet. 
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therefore we can draw no conclusions. On the other hand, the 
great camp at Ardoch has been shown to be of Roman origin. 
It is a reasonable supposition that Roman coins found within its 
ramparts were dropped there during the period of the Roman 
occupation. Among the few that have been discovered there 
are denarii of Nero and of Hadrian. While, therefore, we 
cannot tell, on the strength of this evidence, whether Agricola 
(who came between these two emperors) was ever at Ardoch or 
not, we may be perfectly certain that Lollius Urbicus, the lieu- 
tenant of Antoninus Pius, was. 

In the nature of things it is inevitable that it should only 
be the superior limit that is given us by the coins. And not 
necessarily even the true superior limit. For ancient coins often 
remained in circulation for very many years after their original 
issue. It is curious that, in this respect, and so far as isolated 
finds are concerned, deductions based on coins of copper or of 
gold are safer than deductions based on coins of silver. The 
reason is an economic one. From the time of Nero onwards 
the Roman Emperors plunged deeper and deeper into the mire 
of a debased currency. Whenever it was possible, the good 
silver was melted down, to be re-issued as part of an alloy. 
But on the frontiers of the Empire there were (as we learn from 
the hoards) some singularly persistent survivals. The superiority 
of the purer metal was realised, and it appears to have circulated 
at a higher value. Particularly strange is the case of the legionary 
denarii of Mark Antony, which continued to be used for 250 
years after they were first struck. Only the other day I examined 
one from Camelon and another from one of the Vallum stations; 
even if we suppose that they came with Agricola, they must 
have been well over a century old before they invaded Caledonia. 
The explanation lies in the fact that Antony was far in advance 
of his times. He alloyed his silver so heavily that not till the 
reign of Hadrian did the Imperial denarius sink to the same 
level. In the interval, therefore, it would not have been worth 
the while of any government to attempt to call in his pieces 
for purposes of conversion.^ 

In view of all this, it will be obvious that it is rash, under any 
circumstances, to generalize from a single coin. But several 
isolated examples from the same area provide a body of testimony 

^ See F. Haverfield in Archaologia liv., pp. 489 fif. 
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which cannot be neglected. It is to evidence of this sort that 
we shall have mainly to look if we are ever to settle some of the 
unsolved problems concerning the Romans in Scotland. We 
know from our historians that Roman camps and stations north 
of the border may belong to any one of three distinct epochs — 
the reign of Domitian, when the line of the Forth and Clyde 
was first fortified by Agricola, the period inaugurated in the reign 
of Antoninus Pius, when Lollius Urbicus built the "Roman wall," 
the reign of Severus, when the aged emperor carried out his costly 
campaign of punishment. Each of these epochs is separated from 
the others by an interval sufficiently wide to secure a visible 
difference in the currency. Coins, therefore, if found in sufficient 
numbers, should enable us roughly to assign any given site to its 
proper epoch, and thus to take the first steps towards reconstruct- 
ing its history. Mr Haverfield has already shown from the records 
of coin-finds that the second of these epochs was of much briefer 
duration than is sometimes supposed. He has made it practi- 
cally certain that the Scottish wall was lost in the reign of 
Commodus.^ 

It is, however, time to turn to the more important questions 
that are raised by the discovery of hoards. In antiquity the 
habit of burying money was a very common one. It is to this 
that the preservation of such an immense number of ancient 
coins is due. Usually the hoards are comparatively small, com- 
prising, at the outside, three or four hundred individual pieces. 
But there are many exceptions. Eckhel records the finding of 
40,000 gold pieces, mainly of Lysimachus, in the bed of a river in 
Dacia.2 In the Punjaub as many as 30,000 Bactrian coins have 
been discovered all together.^ Indeed, there the finding of 
bronze pieces of this class was at one time so common that 
the European officers sent to organise the army of the Rajah of 
Lahore are said to have used them for casting into cannon.'* If 
this story be true, it is a curious reversal of the process that gave 
to English numismatics its "gun money," when James II. 
during his Irish campaign melted down old brass cannon to 
provide the material for a " coinage of necessity." As a last 

^ The Antonine ^^fl// (Glasgow ArchDeological Society's Report) pp. 159 ff. 

- Eckhel, Dodrina^ i. p. Ixxxii. 

^ Babelon, TraiU des monnaies gi'ecguei et romaines^ i., p. 23. 

■' Rev, beige de num., i., p. 150. 
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example, take the great treasure of Brescello, which consisted of 
some 80,000 pieces of Roman gold, all struck between the years 
42 and 38 B.C., and belonging to no more than 32 varieties.^ 

How are concealments so numerous, and sometimes so exten- 
sive, to be accounted for? What led people to bury their 
money ? And why, after they had buried it, did they leave it 
for us to dig up? The Digest (41. i. 31. i) provides us with a 
variety of possible solutions. Thesaurus, or treasure, is there 
defined as "any ancient- deposit of money, the burial of which 
no one can remember, and which has therefore no owner, for in 
this way it becomes the property of the finder, seeing that it is 
nobody else's property : under any other circumstances [/.^., if 
the person who buried it is known] the fact that any one has 
hidden anything in the earth, whether for gain or for fear or for 
safe-keeping, does not make it thesaurus, ^''^ You will observe 
that three possible motives for burying money are here 
suggested — gain, fear, safe-keeping {vel lucri causa, vel metuSy 
vel custodicB), 

We may safely disregard the first, and concentrate our attention 
on metus and aistodia. For, if a man buried his money for the 
sake of gain, he was exceedingly unlikely to fail to unearth it again. 
It therefore becomes important to enquire what metus and 
custodia really mean. In a broad sense either might be taken as 
covering the other. But their use, as alternatives, shows that 
something specific is intended in each case. Beginning with 
custodia, we shall find an apt illustration in a familiar New Testa- 
ment parable. The Unprofitable Servant, when he had received 
the one talent, " went away, and digged in the earth, and hid his 
lord's money ; *' he was afraid, you remember, to trade with it 
lest it might be lost. Even in the parable his conduct is repre- 
sented as exceptional. Nor do I believe that burials custodice 
causa ever took place on so universal a scale as to furnish an 
adequate explanation of the facts as we find them. In the first 
place, we know now that banking was much more highly 
developed in antiquity than had previously been suspected ; that 
is proved by the multitudinous documents that the sands of 



^ Mommsen-Blacas, Hist, de la monnaie romaine iii. , p. 26. 

- ** Vetus quaedam depositio pecuniae cujus non exstat memoria, ut Jam 
domiftuffi non habeat, sic enim fit ejus qui invenerity quod non alterius sit : 
alioquin siquis aliqtiid vel lucri causa, vel metus, vel custodia: condiderit sub 
terra, non est thesatirus. 
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Egypt have delivered up in recent years. Again, references in 
ancient literature show clearly that, even where banks were not 
made use of, the ordinary citizen did not bury his money ; he 
kept it in a strong box in his house. Let me quote two obvious 
instances. The Attic orator, Lysias, before he took to public 
speaking, was joint-owner with his brother of a shield factory in 
the Piraeus. In one of his forensic addresses he describes vividly 
the proceedings that had ruined his career in business. As a 
man of substance, he had excited the envy and cupidity of the 
Thirty Tyrants during the reign of terror in Athens in 403 B.C. 
He was arrested at his house while entertaining a party of friends. 
The emissaries of the Tyrants forced their way into his bedroom 
where his money-box lay, and thence took three talents of silver, 
four hundred electrum staters of Cyzicus, one hundred gold 
darics, and four silver bowls — constituting, as he tells us, 
practically the whole of his movable property, except his 
^laves.^ So it was in Rome three or four hundred years later. 
In his Pro Cluentio^ Cicero incidentally narrates an exciting 
story of robbery and murder, from which we can gather that the 
armarium or money-chest was a recognised article of Roman 
household furniture. The only examples of burial which I can 
at the moment recall, are of the nature of exceptions which prove 
the rule. Both occur in the comedies of Plautus, produced in 
Rome in the early part of the second century, B.C. In the 
Trinummus Charmides, a wealthy Athenian — the plays of 
Plautus are, of course, adapted from Attic originals — finds 
his fortune being rapidly diminished by the extravagance of a 
spendthrift son. He determines to go abroad for a season. 
Before starting, and with a view to providing against contin- 
gencies, he buries a reserve of tre9,sure in his house, entrusting 
the secret, not to his unworthy son, but to a friend on whose 
fidelity he could rely. All sorts of awkward complications ensue. 
Once more, in the Aulularia (from which Moliere borrowed some- 
thing for LAvare)^ the plot hinges upon a hidden pot of gold, 
which one of the characters unexpectedly discovers in his house. 
In the prologue the household god, who sets forth the situation, 
explains to us that this pot had been buried beneath the hearth 
by the grandfather of the finder, who was such an arrant miser 



^ Lysias, Against Eratosthenes (xii. 121). 
-§179. 
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that he could not bear to think of anyone, even his own son, 
enjoying his wealth after he himself was gone. 

These examples from Plautus bring me to a point that is, in 
my opinion, quite fatal to the view that burial custodice causa can 
account for anything save a very small proportion of the hoards 
that come to light from time to time. The quantity of money 
involved is, as I have said, enormous. Is it conceivable that so 
many of the ancients were misers of the type of the old gentleman 
in the Aulularia ? Such money as was buried custodice causa 
would surely be dug up again in ninety-nine cases out of a 
hundred. It may be observed that in the definition of the 
Digest, the phrase was used with express reference to money 
whose owner might still be alive, and therefore in a position to 
reclaim it. We are thus left with the alternative of metus causa. 
We must first see what it means, and then ask how far it 
provides us with a probable and adequate explanation of the 
phenomena. 

As to its meaning there can be little doubt. A passage in 
Appian's History of the Civil Wars is most illuminating.^ We 
are there told that, when Cassius captured Rhodes, he confiscated 
not only all the bullion belonging to the state or dedicated in the 
temples, but the gold and silver of all private citizens as well. 
The result promised to be disappointing. For, Appian tells us, 
when the alarm was first given, the citizens had gone and con- 
cealed most of their money. Cassius, however, was not to be 
over-reached. He offered large rewards for the discovery of 
hidden hoards, and inflicted the death penalty on those who had 
concealed them. When the Rhodians saw that the victor was 
not to be trifled with, they begged for an extension of the time 
fixed for the surrender of their property. This was granted, and 
thereupon, says Appian, a very much larger quantity of money 
was forthcoming — " some digging it up from holes in the ground, 
others drawing it from the bottom of wells, others again producing 
it from graves." What happened at Rhodes in 42 B.C., must 
often have happened elsewhere. The laws of ancient warfare 
took little regard of the rights of private property, and in times of 
danger a most natural instinct would lead men to bury their 
treasure underground, seeing that it would no longer be safe in 
their houses. When the storm burst, some of those who had 

^ Appian, De Bellis Civilibus, bk. iv., cap. 73. 
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thus concealed their goods would be slain or carried into captivity, 
leaving unclaimed deposits to be turned up centuries afterwards 
by the spade of the workman or the plough of the peasant. 

I said that the instinct to bury treasure underground in times 
of danger was a most natural one. I cannot refrain from recall- 
ing to your recollection a delightful proof of this, for the reference 
to which I am indebted to the kindness of Mr J. T. T. Brown. 
I suppose everybody will agree that there never was a more 
" human " man than Mr Samuel Pepys. His diary for the early 
days of June, 1667, reflects the alarm caused throughout London 
and all over England by the Dutch raid on the Thames. On the 
I oth their ships were at Sheerness, "and we do plainly at this 
time hear the guns play." Again on the 13th. "No sooner up 
but hear the sad news confirmed of the Royale Charles being 
taken by them, and now in fitting by them . . . and turning 
several others ; and that another fleet is come up into the Hope. 
Upon which newes the King and Duke of York have been below 
[London Bridge] since four o'clock in the morning, to command 
the sinking of ships at Barking-Creeke, and other places, to stop 
their coming up. higher : which put me into such a fear, that I 
presently resolved of my father's and wife's going into the 
country ; and, at two hours' warning, they did go by the coach 
this day, with about ;;^i,300 in gold in their night bag. Pray 
God give them good passage, and good care to hide it when 
they come home ! But my heart is full of fear. They gone, I 
continued in fright and fear what to do with the rest." A little 
later in the day he decided. " I did, about noon, resolve to 
send Mr Gibson away after my wife with another 1,000 pieces, 
under colour of an express to Sir Jeremy Smith." I shall not 
quote further, but simply refer you to the Diary for the sequel. 
The money was duly buried in the garden as Pepys had instructed, 
but the manner of doing it was not at all to his mind, and led to 
one of the little matrimonial differences which he so faithfully 
records. Under dates, Oct. loth, nth, 12th, of the same year 
you will find full details as to the troubles he encountered in 
digging it up again. 

These examples will have made clear what the Digest means 
when it speaks of mettis causa. They refer to the acts of private 
individuals alone. But the size of some of the hoards to which I 
have alluded suggests the probability of burying on a larger scale. 
On occasion even the state treasure or the contents of the 
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military chests may have been thus disposed of, in the event of a 
disastrous defeat. The possibility of this will be readily brought 
home to us by a moment's reflection on comparatively recent 
history. We have all heard of the immense store of gold which, 
at a critical period of the South African war, was shipped to 
Europe by the Transvaal officials in order to avoid the risk of its 
capture. What would have happened to this, had there been no 
way of escape through Delagoa Bay ? Surely, the probability is 
that it would have been buried like the " Long Toms," in hope 
of better times to come. 

I do not mean to suggest that metiis is the only cause that will 
account for hoards. Sometimes the character of the find is such 
that metus must be ruled out of court altogether. An excellent 
case in point is the discovery of more than 13,000 coins in 
Coventina's Well at Procolitia, or Carrawburgh, one of the stations 
on the line of Hadrian's wall.^ These coins are in all metals, and 
they range from Augustus to Gratian — that is, they come down to 
the latter half of the fourth century a.d. In other words, they 
cover almost the entire period of the Roman occupation of Britain. 
It is quite certain that they cannot all have been in circulation 
simultaneously. The deposit, therefore, represents the accumu- 
lation of a series of years, and doubtless consists of the offerings 
of successive generations of votaries, who showed their respect for 
the goddess of the spring after the fashion that you will find 
lingering on to this day in Rome among the tourists who, with 
very varying degrees of reverence, drop their soldo or their lira 
into the waters of the Fountain of Trevi. 

While there are exceptional cases of this kind, hoards as a rule 
are as homogeneous as we could reasonably expect them to be. 
If the coins that compose them admit of being approximately 
dated, it is generally possible to ^\yi the time of burial within fairly 
narrow limits. The latest coin, of course, gives the earliest 
possible date for the withdrawal of the whole from circulation, 
while the precise condition of the newer pieces is always a matter 
of importance : if they be freshly struck, so far as we can judge 
from their appearance, the probability is that the earliest possible 
date is not far from the actual one. On the other hand, the 
absence of any very common coin is also significant. If the hoard 
be at all a large one, we may be quite certain that it would include 

^ Arch, Ael. viii., pp. 40-43 ; Nwn, ChroiUy 1879, PP- ^5 AT. 
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examples of all pieces ordinarily current. Hence, under certain 
circumstances, the absence of a common coin would fix the 
inferior limit. There is a third principle on which Mommsen has 
laid stress. He assumes as axiomatic that metiis is the most usual 
motive. Therefore, he says, so soon as you have got an approxi- 
mate date, see whether history has anything to tell of wars or 
rumours of wars, with which the burial might possibly be 
connected.^ Let me illustrate the method of dating by an 
example from England.^ 

In the parish of East Worlington in N. Devon, some nineteen 
miles from Exeter, there had been from time immemorial a tradi- 
tion that a certain proprietor had gone off to the wars in the course 
of the struggle between King and Parliament, and that before 
leaving home he had concealed his money underground. In July, 
1895, o^ ^^ estate which had belonged to him, a labourer 
accidentally unearthed three pitchers full of coins. On examination 
these proved to number over 5,000 in all. The whole were of 
silver. The earliest were shillings and sixpences of Edward VI. , 
which were not numerous. The latest was a shilling of Charles I., 
struck in 1646. The earlier coinage of Charles was exceedingly 
well represented. The numismatic data would point to the early 
part of 1646 as the date of burial. And turning to history, what 
do we find ? In this year Devon was the centre of military oper- 
ations. The Royalists, for example, were besieged in Exeter. 
Fairfax, with a large force under him, was clearing the country 
round about. On 14th February, 1646, he was actually with his 
army at Chumleigh, not more than six miles from where this hoard 
was buried. I think that date must bring us within a very few 
days of the actual time of deposit. One other point may be 
mentioned. The absence of coins struck at the Mint of Exeter 
in 1645, with a castle as distinguishing mark, may seem surprising 
in view of the close proximity of East Worlington to that city. 
As a matter of fact, as Mr Grueber points out, it entirely confirms 
the dating. Exeter had been invested by the Parliamentary forces 
before the pieces in question were minted. None of them would 
find their way into the outside world until after its surrender in 
March. 



^ Mommsen-Blacas, Hist, de la monnaie romaine ii., p. 69 and pp. 120 f., 
where the general laws for the dating of hoards are laid down. 

2 Summarized from Mr Grueber's account in Nuvi, Chton., 1897, pp. 145 ff. 
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It may be argued that the illustration I have given is an excep- 
tional one. It is certainly exceptional in regard to the precision 
with which we can determine the date. Otherwise, it may, I 
believe, be taken as fairly typical. To prove this, we shall require 
to make a general comparison between the results we deduced 
from the literary evidence, and the phenomena presented by the 
finds. How far are these phenomena in accordance with the 
theory of metus causa ? 

The spots usually selected for concealment are precisely such as 
we should expect to be adopted in an emergency. The characters 
in Plautus who buried mstodice causa, found their own hearth- 
stone the most secure and convenient form of cover. When 
hoards are discovered now, it is practically always clear of the site 
of a house, or, if it is on the site of a house, there is generally 
internal evidence that we are face to face with the gatherings of a 
miser. As a rule, the depths of a forest, the intricacies of what 
was once a morass, the wild moor or the barren hillside are more 
productive than ground in the immediate neighbourhood of 
inhabited sites. I have myself examined and described elsewhere^ 
a hoard of coins that had lain for more than 2,000 years in a cave 
near the summit of what was an active volcano at the time of the 
deposit — truly an odd position for a savings bank, if custodia was 
the motive. A find made in England more than forty years ago 
gives us a vivid picture of the process — a picture more vivid even 
than that of the familiar Pompeian fugitive. During excavations in 
the old Roman city of Wroxeter, three skeletons were found 
huddled up in a hypocaust, that is, in one of the low-roofed 
chambers into which passed from the furnace the hot air that was 
to warm the bath or the dwelling-house above. One of the 
skeletons was that of a man well up in years. At his* side lay a 
little heap of late Roman coins, 132 in all, and among them the 
nails and other debris of the box that had originally protected 
them.^ The drama could readily be reconstructed — the hurried 
alarm, given all too late, the flight of the family with the little 
store of' household savings, the discovery that retreat was cut off, 
the search for a temporary place of safety, and the finding of one 
that was to be eternal. 

Again, if the metus theory is to be accepted, we must be pre- 

^ Num. Chron,, 1896, pp. 185 ff. 

'^ Ibid.^ 1st Series, vol. xx., pp. 80 ff. 
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pared to produce evidence of another kind — to show that great 
wars or periods of internal disturbance have left their mark in the 
shape of numerous deposits of money within the areas affected. I 
take the finds of Roman coins in modern France, as there the lists 
are more complete than they are for other countries.^ The result 
is very striking. During the reigns when Gaul was, to our positive 
knowledge, secure and settled, the deposits sink to a minimum. 
Vespasian was emperor for ten years : there is only one hoard 
which can be assigned to this epoch. Similarly, there are only 
two hoards which appear to have been buried during the thirteen 
years of Claudius. The reign of Augustus lasted for forty-five 
years, and yet it can account for but eight hoards in all. 
Contrast this wnth the one hundred and sixty-four hoards that fall 
within the few brief years covered by the reigns of Gallienus and 
Postumus when Gaul was ravaged alternately by civil war and by 
the inroads of Frankish invaders. 

Still stronger proof is furnished by the occurrence over a wide 
extent of country of hoards that have obviously been buried at 
precisely the same time. Such finds speak eloquently of a 
common danger threatening the owners. Let us go to England 
for an example. Quite a number of hoards have been found 
which were without doubt concealed at the very beginning of the 
reign of Aurelian. Here are some of the figures — hoard of over 
3,000 pieces in Yorkshire, including only four of Aurelian, the latest 
Emperor represented; hoard found on the Roman wall comprising 
over 5,000 pieces, of which only eight were of Aurelian, the latest 
emperor; hoard of 148 found in Sussex, containing two of Aurelian ; 
hoard of 2,300 found near Cambridge, with only three specimens 
of Aurelian; hoard of 1,800 found in Hampshire, containing but 
a single Aurelian.- All of these must have been buried about 
270 A.D., when Tetricus, the last of the "thirty tyrants," was over- 
thrown by Aurelian, and the western provinces were reunited to 
the Empire. Similar finds are made in France,^ and it was in 
France that the deciding battle took place. How Britain was 
affected is far from clear. We know, however, that Tetricus drew 
largely on our island for his levies. And it may be (as Mr Roach 



^ A. Blanchet, Les in^sors dc monn, rom, (Paris, 1900), pp. 31 AT. 

= See Nitm, Chron,, 1881, pp. 26 ft"., and Ibid,, 1889, pp. 332 ff. In all the 
cases cited Aurelian is the latest Emperor. 

'^Ibid.y 1881, pp. 27 f. 
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Smith has suggested),^ that the hoards found in Britain were 
buried by men called on for military service, who fell in the great 
-slaughter at Chalons, or were incorporated in the victor's army. 
For it must be borne in mind that it is not only the concealment 
that has to be accounted for, but also the failure to recover the 
deposit. 

The hoards of which I have just been speaking were all of 
bronze. The coining of silver ceased under the later Emperors, 
it is to this last epoch that the great majority of finds of Roman 
coins made in England belong, the largest that ever came to light 
being probably the 30,000, ranging from Gallienus to Constantius 
Chlorus, which were discovered on the estate of Lord Selborne, 
some thirty years ago.^ This is exactly what we should expect. 
For in those latter days the pax Romana had become a mockery. 
The outlying portions of the Empire, in particular, were seething 
wirth turbulent violence. In Britain itself the forays of Picts and 
Scots, the raids of pirates from across the seas, were making life 
and property increasingly unsafe. In some instances the coins 
finable us to date the period when Roman garrisons were with- 
drawn from particular stations before the barbarian advance. 
High Rochester and Risingham, for example — as Mr Haverfield 
informs me — show no coins, either in hoards or in single finds, 
later than the end of the third century, a.d.; the stations on 
Hadrian's wall go on much longer. 

If I have succeeded in making clear the general principles which 
must regulate the interpretation of coin-finds, I may be allowed to 
•summarise and illustrate the kinds of evidence they may be made 
to yield. First, there is what may be called the strictly numismatic 
aspect of their value. By the study of hoards, and the careful 
comparison of one hoard with another, it may become possible to 
.arrange, in chronological order, whole classes of coins, whose 
precise relation to each other would otherwise be uncertain. 
That is what numismatists are endeavouring to do now for the 
Roman Republican series, completing the work of which 
Mommsen laid the foundations half a century ago. The long 
delay is due simply to the absence of carefully recorded finds in 
sufficient numbers to aid in the solution of doubtful questions. 
Even a single find, if it be large enough, may bring about an im- 

^ Num, Chron,^ 1S81, p. 25. 
- Ibid.y 1877, pp. 90 ff. 
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mense advance. Thus, the hoard of English coins discovered at 
Balcombe in Sussex, in 1897, has done much towards finally 
settling the long-standing puzzle as to the silver pennies of the 
first three Edwards.^ 

Of historical inferences, in the wider sense of the term, I have 
already given incidentally several examples. I may add one or two 
more. And I shall select, of set purpose, illustrations where the 
deductions drawn are of a somewhat speculative character, and 
call for confirmation from other sources before they can be 
regarded as securely established. Take first the case of Anglo- 
Saxon coins found in Ireland. Sir John Evans has described a 
very remarkable hoard discovered in County Wicklow, in 1874.^ 
It proved to consist almost entirely of coins struck in Kent. In- 
deed, as Sir John Evans remarks, it is the most distinctively 
Kentish hoard of which we have any record. The latest possible 
date for any of the coins it contained was circa 830 a.d. Evans 
points out that, according to the Anglo-Saxon Chronicle, **the 
heathen men (/>., the Danes), ravaged Sheppey,'' in 832 a.d., a 
raid so severe that its memory lingered among the people for 
three hundred years afterwards. It is to his conclusion that I 
wish to draw attention. If this hoard is — as seems very probable 
— part of the spoil carried off from Sheppey in 832, then the locality 
of the find indicates that the incursion was made, " not by the 
Eastern Danes of the Continent, but by the Western Danes from 
their Irish settlements." And, if this incursion, why not many 
of the others that the Chronicles record ? Such a theory, if 
accepted, would explain two things that are otherwise puzzling — 
the absence of finds of eighth and ninth century Anglo-Saxon 
coins in Scandinavia (an absence already alluded to in another 
connection), and the fact that many of the early raids were made on 
the coasts of Cornwall and West Wales, or on the south, rather 
than on the east and north of our island.^ 

For a last illustration of the possibilities of historical inference, 
we may return to the question of the Romans in Scotland. Un- 
fortunately the records of finds are rather vague. But if, taking 
things as they stand, we adopt a geographical method of grouping . 
one or two noteworthy points will emerge. Those who have read- 

^ See ri. A. Grueber and L. A. Lawrence in Num. Chron»y 1898, pp. 8 ff. 
'^Ibid., 1882, pp. 61 ff. 
^ Evans U. p. 85. 
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the Glasgow Archaeological Society's report on the Antonine wall, 
will recollect Mr Haverfield's arrangement of hoards according to 
whether they have been found north or south of the Vallum. In 
view of the undoubted fact that a Roman road ran through the 
eastern counties to Edinburgh and Cramond, and the very strong 
probability that there was a similar line of communication on the 
western side, it is worth while making a further division between 
south-eastern and south-western Scotland. Now, leaving out of 
account coins of the Lower Empire, whose occasional presence in 
Scotland must be explj^ined on other grounds, we find, if we look 
at the hoards, that these fall into two great classes — (i) those 
withdrawn from circulation about the time of Aurelius or 
Commodus, and (2) those withdrawn from circulation in the reign 
of Severus or Caracalla. Further, the districts in which hoards 
are found, are practically limited to two. With the exception of 
a hoard at Linlithgow, that is, practically on the line of the Vallum, 
and one or two in central Scotland, the great finds of class (i) 
have all been made on or about the supposed line of the western 
Roman road, chiefly in the highlands of Lanarkshire. The hoards 
of class (2), i.e., those dating from the reign of Septimius Severus, 
have all been discovered in north-eastern Scotland — Fife, 
Kinross, Kincardine, Aberdeen. The very remarkable limitation 
of the area of these larger finds makes it impossible to accept the 
explanation that holds good for Northern Germany and Denmark, 
— that the Roman money was used as a native currency. It is 
much more natural to connect them with the Romans themselves. 
And then what are inferences ? In the first place, that, as the 
scanty literary evidence has always led us to suppose, the north- 
east of Scotland was the theatre of the disastrous campaigns of 
Severus — a view that accords entirely with the fact that Cramond 
is the only known Roman site that has yielded definite numismatic 
evidence of having been occupied during his reign ; it would be a 
natural naval base for an expeditionary force operating in the 
region where the hoards have been found. In the second place, 
that, when the Vallum was abandoned, it was not a peaceful and 
orderly withdrawal on the western line, whatever may have been 
the case on the eastern one. I do not put this latter inference 
forward as a certain conclusion, only as a working hypothesis, 
which it will be worth while trying to confirm (or refute) by careful 
scrutiny of other evidence. 

I had intended at this point to deal at some length with what 
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may be called the economic evidence that coin-finds may yield. 
But I fear I have ere now exhausted both my own time and your 
patience. I must content myself with saying that from an analysis 
of the hoards of imperial times Mommsen has been able to 
illuminate in striking fashion the history of the imperial currency, 
to show the effect on the public mind of the various measures of 
debasement, to trace the fortunes of Roman money as a medium 
of circulation outside the limits of the Empire.^ Such a study 
sometimes throws a curious sidelight on the unchangeableness of 
human nature. For example, soon after the Roman conquest of 
Egypt, Roman coins begin to make their appearance in consider- 
able numbers in Southern India. Obviously trade was opened up 
by way of the Red Sea. The odd thing is that a large proportion 
of the denarii exported to India were not made of silver at all. 
They were official forgeries — plated coins, as they are usually called, 
struck at the mint from the regular dies, but consisting of pieces 
of copper covered with a thin skin of silver. The untutored mind 
of the poor Indian takes its revenge now-a-days on the modern 
coin-collector. Some of the cleverest forgeries that are put upon 
the market are those that come from India. 

There is still a moral to append. If I have succeeded in showing 
that there is something to be learned from coin-finds, you will agree 
that it is of the utmost importance that the exact " find-spots," 
alike of hoards and of single pieces, should be most carefully re- 
corded. Further, hoards should, if at all possible, be submitted 
entire to an expert for examination. They will not suffer in actual 
value thereby, while their worth as historical evidence may be 
greatly enhanced. 



^ Mommsen-Blacas, Hist, de la monnaie romaine^ fassim.; eg, iii. pp. 56 jf. 
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[Read before the Historical and Philological Section, i8th February, 1903.] 



When we speak of the beginnings of English poetry our thoughts 
are too apt to go back to Chaucer and no further. With anything 
earlier, even the well-educated man has, at most, but a distant bow- 
ing acquaintance. He may know something in a vague way of the 
great stream of education and of thought along which we may 
move backwards until we reach the realm of culture that arose 
from the mingling of the Teuton and the Latin. But along the 
other of the two great streams that converge at this point of 
literary history, he has never travelled. Of that stream which has 
its source in the forest settlements of primitive Germany — of that 
stream which now swollen and turbulent, now dull, sluggish, and 
slow, flows down from the Teuton uplands to mingle in the great 
rivers of the plain — of that he is absolutely ignorant. 

It is a poetry altogether different from anything he knows, but 
this makes it all the more essential that he should become 
acquainted with it, lest he should fail to understand, or only half 
understand, much of our subsequent literature. Besides, we 
find in it much that is interesting, many things worthy of our 
attention. Far be it from me to over-estimate it. It cannot bear 
comparison with the poetry of polished southern lands. For our 
loftiest inspiration, for all that is best and noblest in the roots of 
literature, we must ever turn to that great classical fountain-head, 
the land of Greece. Without admitting that " everything in the 
world, except the blind forces of nature," traces its origin thither, 
we must allow that there are to be found the beginnings of the 
civilization which gave the first great forward movement to human 
thought. 

This caution is not unnecessary. In every new study — and 
Anglo-Saxon, I regret to say, still comes within this category — 
sides are apt to be very definitely taken. It is difficult to regard 
such a subject in its proper perspective. Its opponents can see in 
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it nothing to be desired -, its partisans are prone to exaggerate its 
importance. Enthusiasts would fain tell us that here we find all 
that is best in English literature, and in the English race. They 
would have us believe that Csedmon, not Milton, was the sweet 
singer of the fall and of man's redemption, and that if we want to 
see English poetry in all the freshness of its first bloom, we must 
search the folios of the Beowulf, or turn to the pages of Cynewulf. 
Sentimentalism of this kind does grave harm. If one comes 
determined to find in our earliest poetry all that is most excellent, 
the critical faculty is blunted from the very first. When, for 
example, we take up such a book as the Early English Literature 
of Mr Stopford A. Brooke, we feel how much this must be 
emphasised, for his volumes, however inspiring, have comparatively 
little value as criticism, because of this very tendency. We should 
like to think his estimate correct, we should like to agree with him 
when, speaking of our modern literature, he says, " there is not a 
murmur now of song in all its immemorial boughs which does not 
echo from time to time with the themes and the passion of its first 
melodies,"^ but the more we read the less ready are we to homolo- 
gate his views. 

Much of the poetry we are to consider is utterly commonplace 
— neither excellent nor inspiring. Yet it is necessary to start here 
if we are to understand aright the evolution of English poetic 
thought, and the modes of its expression. Much, for example, of 
the poetry of Shelley, and many of the sentiments of Milton, have a 
new meaning, and a fresh significance for those who have burrow- 
ed in the Anglo-Saxon past. It is essential, likewise, to determine 
what was the native cast of the Anglo-Saxon genius, and what 
were the influences that helped to modify it. Especially impor- 
tant is it to ascertain how much it owed to that great Roman 
culture, which gave the literary forces of Greece to western 
Europe, and to see where and how it came in contact with the 
cultured spirit of the ancient world, which, mingling with the 
barbarism of the west, produced that infant civilisation which 
gradually showed itself in the second great Revival of Letters and 
of Art — in that revival which, overshadowing all the others, 
is emphatically the Renaissance. 

Our task at first appears a simple one. The whole remains of 
Anglo-Saxon poetry are but scanty, and the one influence affecting 

^ Early English Literature, I. Introd. p. 7. 
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it was Latin. But at least three facts make it hard to determine 
what was the purely native cast of thought : — 

(i) Every line of our early poetry, in its present form, was 
•composed, or at least transcribed, by one who had come under 
the influence of Latin and of monasticism. 

(2) We are handicapped by its fragmentary nature. Like the 
bridge of Mirza, with many a broken arch, it stretches backward 
into the shadows of the past, and it is often difficult to know 
whether it has not, now and then, been repaired by a later hand. 
As has been well said, " It is difficult to comprehend fully the mind 
of a nation, even when that nation lives . . . But here the dead 
alone speak — voices half-understood ; fragments of song ending 
abruptly, as if the poet had sung no further, but died with these 
last words on his lips, . . . nothing entire, nothing wholly under- 
stood.'* 1 

(3) We have the difficulty that is incidental to all early poetry 
— the difficulty of attaching anything like an accurate date to the 
various poems, and this is often complicated by the accretionary 
manner of their production. 

To reach, therefore, even an approximately accurate conclusion, 
we must read and re-read the texts themselves, and note carefully 
the sentiments and habits of thought that continually recur ; we 
must aid our judgment by what we find in Teutonic poetry in 
general ; and utilise the corroborating evidence of contemporary 
history. Till we have used all these means to determine the 
native element we cannot appreciate the extent of Latin 
influence. 

From the results of such investigation I am forced to the 
somewhat heretical proposition that the direct influence of Latin 
as a means of inspiration, was exceedingly slight, and that in 
so far as it existed, it tended to lower rather than raise the 
standard of literary excellence. 

The converse of this is the view usually accepted. Thus 
Professor Earle says of this poetry "that it was nursed by 
and gradually rose out of Latin culture ; and this is true not 
only of those portions which were translated or otherwise 
borrowed from the Latin, but also in some degree even of the 
native elements of poetry. . . . These were not, indeed, de- 
rived from Latin sources, but it was through Latin culture that 

^ Longfellow, Poets and Poetry of Europe, p. 3. 
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these habits and facilities were acquired which made their 
literary production possible."^ 

I respectfully submit that the texts do not bear this out, that in 
the best points the literature retained its strong native elements 
to the end, that there was little in the later poetry that was- 
not also in the earlier, and that certainly there was nothing 
better. I argue further, that apart from the evidence of the 
extant texts of Teutonic poetry, the actual facts of history prove 
the generally accepted view to be impossible or at best im- 
probable. We shall consider these facts first, and under two 
heads — a general and a particular : — (i) W© shall investigate the 
state of Latin culture at the time when most of this poetry was 
written, and (2) we shall examine the attitude of the Church 
towards the native literature. 

Our first object is to show that the Latin poetry which came 
into close contact with the Anglo-Saxon was not itself of high 
quality, and that, therefore, its literary influence may be pre- 
sumed to have been slight. 

Let us look for a moment at the condition of the ancient 
world during the seven centuries that had intervened between 
the introduction of Christianity and the period we are now con- 
sidering. During these years, continental Europe had been 
subjected to many and violent changes. Rome, which had made 
the world Roman, had herself become cosmopolitan and perished. 
For as Courthope says, " beneath this cosmopolitan solvent the 
piety and gravity of the old national style were decomposed. • . . 
We see them on the eve of extinction in Juvenal's fierce de- 
nunciations of the growing trivialities of Roman life. The chatter 
of small poets reciting in the city, the declaiming schoolboys, the 
jockey consul driving his chariot over the ashes of his ancestors, 
the starveling Greek with his smattering of encyclopaedic know- 
ledge. No moral satire could arrest the force of inevitable 
decline."^ 

But as years went on another force, vastly different, aided in 
the process of literary decay. Religion gradually came to 
dominate all intellectual interests. "The supernatural laid hold 
of men's minds with mighty energy. Man as the son of heaveri 
became a stranger upon this earth, and esteemed the splendour 



^ Anglo-Saxon Literatztre, p. I. 

2 Courthope, History of English Poetry, I. 19. 
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of this world as of little value."^ Its beauty did not appeal to 
him, so intent was he on the terrors of the world to come. In an 
age when one who had chanced to admire the glorious radiance 
of the sunrise must needs turn from it as a sinful thing for which 
he must do penance ; in an age when ignorance was regarded as 
a proof of faith, and when mystic asceticism took the place 
of culture, poetry became impossible, even the poetry of devotion. 
Had a knowledge of pagan literature been disseminated, and the 
Christian element grafted thereon, things would have been other- 
wise. But classical literature and learning had declined, 
Hellenistic and humanistic influences had died, and Christianity 
had dug their grave. It had stood present at the death and 
burial of these old pagan forces, but had itself brought forth 
nothing worthy to take their place. The narrowness of the early 
Christian schools which preferred — as Alcuin's poem shows 
us — second-rate poets and the Christian P'athers to the best 
products of the classical age, and the later idea that literature was 
valuable only as the basis of dry grammatical study or profitless 
dialectic, both point to a time from which no great inspiration 
could be drawn. What could be expected of an intellect that lay 
** swathed up in hair-shirts and cerements within the tomb of the 
mediaeval cloister ?*'- How could any soul-inspiring literary 
influence spring from men whom a dark veil of superstition shut 
off from the stately spirits of the past? There could be no 
borrowed light when the sun suffered eclipse. There could be 
no aspiration when the human mind was cramped by irrational 
dogmatism, and when it was currently believed that a study of 
pagan literature meant suicide of the soul. It is but seldom 
that a Faust arises willing to pay so high a price. 

At such a time there was neither intellectual nor moral freedom. 
The watchword of the age was " subordination : '* the punishment 
of curiosity was the ban of the church and the terrors of hell. 
Lest this appear an exaggeration, turn with me to the plain facts 
of history. There we find TertuUian condemning all know- 
ledge of heathen eloquence. " Refrain," says he, " from all the 
works of the heathen, for what hast thou to do with strange 
discourses, laws of false prophets, which in truth turn aside from 
the faith those who are weak in understanding? For if thou 

1 cf. Painter, History of Education, p. 95 (quoting Schmidt). 
*Symonds, Renaissance^ I. 21. 
VOL. XXXIV. U 
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wilt explore history, thou hast the Books of the Kings ; or seekest 
thou for words of wisdom and eloquence, thou hast the Prophets, 
Job, and the Book of Proverbs, wherein thou shalt find a more 
perfect knowledge of all eloquence and wisdom, for they are the 
voice of the Lord, the only wise God ; or dost thou long for tune- 
ful strains, thou hast the Psalms ; or to explore the origin of 
things thou hast the Book of Genesis ; or for customs and 
observances, thou hast the excellent Law of the Lord God. 
Wherefore abstain scrupulously from strange and devilish books.''^ 
So too, Jerome warned in' a vision of the night — " Ciceronianus 
es non Christianus ; ubi enim thesaurus tuus ibi est cor tuum " — 
laid aside his Plautus and his Cicero as temptations of the evil 
one, and Augustine went so far as to declare, in putting from him 
the heathen learning, that " it is the uneducated that carry the 
Kingdom of Heaven." Similarly, Gregory the Great rebuked 
Desiderius, Archbishop of Vienne, for daring to think that the 
praises of Christ could be ** uttered by the same tongue as those 
of Jove."2 Even Alcuin forbade the reading of Virgil, in these 
words : " The sacred poets are enough for you : you need not 
let your imagination be sullied with the too luxuriant eloquence 
of Virgil's style."3 

When the leaders of educational opinion held such views, it 
is not wonderful that by the eighth century the whole of what had 
once been the Roman Empire was enveloped in a cloud of 
ignorance and superstition. Only once does a light burst forth 
in all this darkened time, and then again " the slowly gathering 
twilight closes into utter night." When on Christmas day, 800 
A.D., Charles the Great was crowned in St. Peter's at Rome, and 
the chiefship of the western world was transferred from the 
Graeco-Latin to the Teutonic peoples, and when in the shout 
which hailed him emperor, as he assumed the diadem of the 
Caesars *' was pronounced the union so long in preparation, so 
mighty in its consequences, of the Roman and the Teuton, of the 
memories and the civilisation of the South, with the fresh 
energy of the North,"^ it seemed as if a new day must necessarily 
dawn. But the change came all too late and lasted all too short 
to raise the literary standard of the Anglo-Saxon, and in the 
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troublous times that followed the death of Charles, and under 
the puppet emperors who were his successors, the thread of 
learning was worn to its inmost strand, and the dark pall of 
ignorance enveloped the dead intellect of Europe. 

This brings us to our second line of argument: — Not only 
were the general conditions of culture in the west of Europe 
inimical to loftiness of thought, but the church, where it cultivated 
it at all, advisedly retained the spirit and form of the older Anglo- 
Saxon poetry, and the Church was the channel through which 
that poetry came mainly into contact with the Latin. We have 
no proofs that any Latin influence came through British channels, 
and other points are relatively so unimportant as to be almost 
negligible, though in a longer sketch we might find indirect in- 
spiration in visits to Rome, in Roman painting, sculpture, and 
architecture, for, already, by the end of the seventh century, was 
being built at Hexham a church unequalled this side the Alps — 
" Neque ullam domum aliam citra Alpes montes talem aedificatam 
audivimus," as Eddius writes.^ 

We shall neglect all this, however, and speak entirely from the 
point of view of literature and the literary impulse. Through the 
Latin Church a knowledge of Biblical Paraphrases was made 
possible, and Homilies, Lives of Saints, and theological prose in 
general, the Christian Latin poets, Physiologi with their symboli- 
cal treatment of animals and natural phenomena, and minor 
secular works, such as the Riddles of Aldhelm were added to 
the stock-in-trade of learning. Were these likely to prove 
sources of inspiration ? But you may urge that this does not fairly 
state the case, and you may remind me that in Baeda we find 
reference to Virgil, Horace, Ovid, Lucan, Lucretius, Terence, 
Varro, Juvenal, and others. Even that proves nothing ; even a 
knowledge of the letter of Horace does not imply that one has 
been touched by his spirit. Besides, what of the line which claims 
Homer as " the friend and teacher of Virgil ? " - 

No, little real influence is to be looked for here. New themes 
undoubtedly were introduced, but poetry was a means not an 
end, and this view could never make for excellence. It was 
written with a purely didactic purpose and with no attempt at 
exaltation of literary thought or expression. The Anglo-Saxon 
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cleric subordinated all things to the mistress whom he served, and 
where he made use of the poetry of the vernacular he did not 
attempt to influence its form or diction. He was content 
to supply the substance, knowing that the old spirit was 
his best ally if he wished to catch the popular ear and win men 
over to the service of the Church. He might at times be a 
fanatic, but his fanaticism was tempered by a strictly utilitarian, 
even commercial, spirit. Like the cheap jack at a country fair he 
had his own little artifices to attract a crowd. Thus, for example, 
his business instincts told him, that Caedmon's work would be 
none the less popular if it were cast in strictly secular style, and 
log-rolled by that miracle in the Whitby stall. He was too wise, 
therefore, to tamper with the ancient spirit when that was the 
best means whereby the rustic mind might be indoctrinated by 
the formularies of the Roman Church. 

Besides, it is questionable whether he would have succeeded 
very far. The absolute overthrow of the Romanised Britons had 
given the Teutonic mind free scope, and the Latin influence 
through the Church channels was not robust enough to alter the 
cast of native thought. We have only to read a poem of 
which we have a Latin and a vernacular version to see how the 
living personality of the latter at times dominates the former. 
Take, for example, the Elene. Cynewulf cannot be clamped 
down by his original. Whenever he gets a chance he crowds in 
all that is best of the pagan spirit. Like an old war- steed he 
leaves his task whenever he sniffs the battle. Thus, the bald, 
simple statement of the original, " Gens multa barbarorum con- 
gregata est super Danubium parati ad bellum contra Romaniam " 
— which looks most uninspiring to anyone but a poet, drives from 
his mind everything but the anticipatory joy of a fight, and the 
bare " Timuerunt barbari et dederunt fugam per ripas Danubii et 
mortua est non minima multitudo" is expanded out of all 
recognition. The poet is deaf to everything but the old pagan 
battlecry, and we behold the war-adders flying, the sword beating 
down the shield, the eagle, the wolf, and the raven — those dread 
harbingers of death — ^and amid it all, the livid corpses of the 
Huns are swirling in the reddened wave. The English mind and 
heart had changed but little since Saga-time, has altered but 
little to-day. 

The same is true of the Csedmonian poetry. Its failures are 
more evident when the paraphrase is literal : only when the poet 
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gets a subject congenial to him, does he give us anything worthy 
of consideration. The idea of primeval chaos, the exile from the 
garden of Eden, the story of the Flood, the battle fierceness of 
Abraham, the birds of prey, all blood-besprent, glutted and 
gorged with the slaughter of the hosts — these are still the themes 
that appeal alike to poet and to audience, as they appealed of old 
in Hrothgar's Hall. 

This war-spirit the monk did not attempt to suppress. He but 
endeavoured to give it a new direction. Out of it arose the spirit 
of militant Christianity. Henceforth warfare against the devil 
became a favourite theme. He was but a more powerful dragon 
than the one Beowulf slew. His supernatural aspect was a strong 
attraction. Already Loki and Grendel and the evil forces that 
were to lead to the final chaos had found room in their song- 
craft. And now all the old epithets and notions attached to the 
monstrous brood of the misty moorland and the deep death-pool 
were focussed upon Satan, and the same mind which derived the 
pagan monsters from Cain rejoiced in a direct onslaught on the 
parent of evil. The monk knew what he was doing when he 
grafted the Christian spirit on the old Pagan stem. His own 
somewhat lurid description of Satan's dominions lost nothing by 
the union, for when the poet set himself to combine all that was 
hottest in the conception of the Latin Church with all that was 
coldest in the Teutonic, the essence of monastic denunciatory 
teaching was the veriest food for babes compared with the strong 
meat he had to offer. So, too, Satan himself is photographed 
in every position. Now his beguiling ways are exposed under 
the well-known figure of the whale. Now he poses as a moralist 
adding insult to injury by reminding Guthlac he can expect 
nothing but torment for the sins of his youth. Now he is a 
weak, vacillating creature, powerless in the hand of a Juliana, 
or a coward wailing in the depths, while his followers load him 
with contumely. Anon he is the bold warrior laying vast plans 
to subvert a world. Sometimes as in the Genesis^ his wiles 
are those of a third-rate intriguing Saxon ecclesiastic, and else- 
where he is a petty mischief-maker, and juggling trickster. But 
one thought is with us through it all — the most powerful elements 
in his nature are Teutonic in their conception. 

The moralising elements which are so strong in the secondary 
poetry were by no means absent from the primary. They may 
have been intensified by the monastic spirit, the reaction from 
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which ultimately led to the great humanistic movement which 
foreshadowed the Renaissance. We see more of them, certainly, 
than of yore, for they are often inserted on strictly business 
principles. Thus in Almosen, the fleeting nature of wealth is 
very appropriately urged as an incentive to the giving of alms. 
But this sombre vein and semi-fatalistic spirit followed our fore- 
fathers from their Germanic home. It is nothing absolutely new. 
Only now, as, for example, in the SouVs Address to the Body, 
it is written consciously for the sake of effect. One feels that 
the monk ever has his eye on the collection-box ! Even prolixity 
was not unknown in the Saga age ! The poet of the Beowulf ^2<% 
never certain when his characters would stop. Beowulf, himself, 
contrives to put in the three *' last speeches " ere he dies, and 
Wiglaf as he rushes to his assistance in that fatal struggle, 
delivers himself of a long rambling speech— the dragon all the 
while patiently waiting to be killed. 

Even the miracle-mongering so dear to the Saxon heart, is 
only a modification of what we find in the pagan legends of the 
heroic poetry. But in the secondary poetry the machinery is far 
more cumbrous, the poet never seems to have his stage-properties 
well arranged. In the Andreas, for example, when he comes 
forward to the footlights and impresses upon his audience that 
this is a miracle, and that he^s going to work it, we miss all the 
charm and the excitement of that dread moment when, in the 
fight with the mother of Grendel, the sword miraculously refuses 
to bite. What we find latterly suffers by comparison with the 
heathen element, where runes blunt the sword-edge, and magic 
death-lights flicker where the hero lies buried. " Yet shines his 
sword mightily sheathed, and o'er his burial-place glimmer the 
hilts." 

Let us next look at their nature poetry. Much is claimed 
here for the Latin influence. We are asked to believe that now 
for the first time the earth is revealed to us decked with flowers, 
and nature is seen to smile as well as frown. We grant at once 
that therie are more bright pictures in the secondary poetry, but 
was not that a natural thing even had there been no such 
influence ? Had the spirit of settlement and the peopling of the 
moors with men instead of demons nothing to do with it ? Have 
we not, moreover, in the heroic poetry — for example, in the 
Breca episode— some of the finest commingling of light and 
shade in the whole range of Anglo-Saxon literature ? Many a 
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scene reminds us of the sunbeams playing through interlacing 
boughs. 

But our critic foiled, it may be elsewhere, thinks to pin us 
down when he comes to allegory. That at least was due to 
Latin influence. Probably it was. But allegory is somewhat 
difficult to determine. The name is generally applied to what a 
person does not understand, and the idea has consequently been 
ridden to death. Even the field of Anglo-Saxon poetry has its 
Mrs Gallops looking for an opening in the hedge. I have 
no faith in this allegory-hunting, which reads into so many 
poems what was never intended to be there, and often 
declines to endow the poet with the elements of common- 
sense. We might even return a " quid pro quo " by suggest- 
ing that the primary poetry, according to certain of the 
commentators, is not free from this allegorical taint. We might 
point out that many of their brother zealots in the search for the 
symbolistic have placed the Beowulf in the same category. " It 
represents the dawn fighting with the powers of darkness,*' says 
one ; " It is summer conquering the winter says another " ; till 
more practical critics hke Lumsden, begin contemptuously to ask 
whether one might not hazard the theory that Grendel was " bad 
drainage, fatal to the sleepers in the hall that Hrothgar had built 
at Heorot, until Beowulf with improved sanitary arrangements, 
came to the rescue of the distressed householder and put things 
right. The fiery dragon, again, might be only an imperfect water 
supply, which Beowulf — not unlike Faust in his old age — cured 
with dams, and canals, and reservoirs, and so got untold 
wealth."! 

Surely all this is most unnecessary, and yet it shows how much 
value we should put on the alleged allegorical elements in certain of 
the poems. Besides the question is one of minor importance from 
the literary standpoint. 

Only one other point have we time to refer to — one which 
would require a paper to itself. I mean the influence on structure, 
form, and style. Much is claimed here, and no doubt extended 
similes and the like abound — such as are not found in the 
primitive poetry, but this is likewise to some extent a natural 
development. So, too, the introduction of rime was to be expected, 
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and the breaking down of the old canons of harmony might 
largely be explained by the operation of phonetic decay. We 
must not disregard the natural processes of extension and evolu- 
tion, and because a thing happens afier the introduction of a new 
factor, argue that therefore it happens because of it. Much of 
what we find can be explained otherwise than by alleging a para- 
mount Latin influence — and my contention is that such influence 
has been distinctly over-estimated. 

No, the Latin genius. never stirred the Anglo-Saxon spirit to its 
depths ; it but rippled the surface of their stream of thought. 
The rushlight of the monk was too feeble to send its rays far. 
The character of the secondary poetry was virtually the same as the 
primary. It was somewhat duller, doubtless, and even more long- 
winded than of yore, but the native was still the prevailing genius. 
Any change was for the worse. Cynewulf and Caedmon are never 
more dull than when they are closely following and imitating their 
originals. Sermons in verse are conspicuous, and trifles are 
expanded in a style worthy of the lowest depth of scholastic 
dialectic. Occasionally the cleric does forget himself and lapse 
into poetry ; usually he is content to write prose, which in their 
courtesy modern editors have cut into lines. Much of the 
dialogue after the monastic influence is more noted for its 
therapeutic value as a soporific than for any loftiness of 
thought. 

The minor religious poetry founded on the psalms and othe r 
devotional parts of the Old Testament, on the works of Latin 
ecclesiastical writers, and of the Christian Latin poets, is probably 
the worst. Its value as poetry is slight ; so was the Latin on 
which it was founded. Sometimes, as in the Oratio Foetica, the 
poet is not sure whether to write in Latin or in Anglo-Saxon verse. 
He usually ends by writing no verse at all. The Latin poems 
were themselves prolix, and when the Anglo-Saxon writer entered 
into competition with his original, he felt it his duty to do his 
country credit. Accordingly, for example, in the Be Domes Daege, 
we have 305 lines corresponding to the 157 of the original Z>^ 
Die Jiidicii, But the writer of the Endowments of Men leaves all 
his brethren far behind when he takes 113 lines to prove to us 
that there is to each man some form of gift ! Such poets should 
be ostracised by all civilised society. 

Only in the poetry least likely to be greatly influenced does 
there appear any excellence. Maldon and Brufumbnrg show us 
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the old heroic spirit, and the Wanderer and the Seafarer have fine 
touches, while the ocean and the storm are the poet's theme. Only 
when at the end of each the monk tries his hand, does the 
monotony begin. Everywhere there is evidence that his influence 
was doomed to fail. 

But there is yet another reason why the effect of external 
modification was but slight, and that is to be found in the 
character of the people themselves. They were a race heavy-foot- 
ed in their movements, slow in their development. We never see 
them in a light and tripping vein. Repartee was not their forte, 
except the retort, none too courteous, of their ** flytings," or the 
direct rejoinder of the sword-stroke. Grim was their jest and 
death was its burden. As a rule, they moved along in a dull 
monotonous fashion on the level ground. They were rarely on 
the heights. Even at its best, their poetry was but blue clay with 
here and there a diamond. A greater force than any the Latin 
Church was capable of exerting had to be applied. The forces 
of chivalry had to be set in motion ere the race itself began to 
move, and by the time they were fully operative, England had 
ceased to be purely Saxon. 

Such are three main reasons why the results of Latin culture were 
disappointing — the character of the inspiring force, the fostering 
of the native element by the Church, and the nature of the people 
to be moved. 

But had darkness not settled over the Roman world in the 
centuries prior to the composition of our oldest literature, there 
would have been a different tale to tell. Had the pagan spirit 
lived on, broadened by Christianity in Europe, our criticism would 
have been vastly different. The poets of Greece and of Rome 
would then have been more than mere names in England. The 
Latin influence would have been a truly elevating force. The 
literary wealth of Greece would have been added to the intellectual 
assets of our earliest singers. The Anglo-Saxon poet would have 
revelled in Homer's pictures of the sea, and his heart would have 
gone out to those charming home-scenes of the Odyssey, He 
would have found inspiration in the deep fatalistic melancholy of 
Lucretius, so much in accordance with his own. He would have 
felt the charm of Horace's touch, from the grandest of his con- 
ceptions to the simple quiet of his Sabine farm. He would have 
seen how the same poet could spangle the laughing meadows, and 
depict the ruin of a nation. 
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But these forces were sleeping, and the time was not ripe for 
their awakening. Centuries were fated to come and go ere the 
golden age of our literature was established —if, indeed, it has yet 
been established. That is still concealed from us. What new 
forces are at work in the human heart we know not. Whether we 
are marked out for a higher destiny we cannot tell. 
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XVI. — The Shrines of S, Margaret and S, Kentigern, By 
P. Macgregor Chalmers, LA., F.S.A.(Scot.) 



[Read before the Historical and Philological Section, i8th March, 1903.] 



" Doesn't the whole island blaze with such numerous relics of its 
natives that you can scarcely pass a village of any consequence 
but you hear the name of some new saint." These words, written 
by William of Malmesbury in the twelfth century, indicate how 
general was the belief in the miracle-working power of the relics 
of the saints. The belief was widespread in Scotland. Pilgrim- 
ages to the shrine of S. Ninian were prohibited and made 
punishable by Act of Parliament so late as the year 1581. The 
relics of the saints were preserved with the most jealous care. 
In many places they were enclosed in splendid and costly shrines. 
'I'he Shrine of S. Margaret in Dunfermline Abbey, and the Shrine 
of S. Kentigern in the lower church of Glasgow Cathedral, were of 
great value. 

S. Margaret died on the i6th November, 1093. 

*' Saynt Margretys body a hundyr yhere 
Lay befor the Rwd awtere 
Into the Kyrk off Dwnfermlyne ; 
But scho was translatyd syne 
Into the qwere, quhare scho now lyis."^ 

A magnificent new choir, with transepts and lady chapel, were 
begun at Dunfermline early in the thirteenth century, in place of 
the Norman choir to which the present nave had been joined. 
S. Margaret was canonized in October 1249,2 and her reUcs were 
translated from their first resting place before the altar of the 
Holy Rood, to the Shrine in the Lady Chapel on the 19th June 
1250,^ the day on which the great choir was opened for service. 



^ Historians of Scotland, III. 165. 

*^ Reg. de Dumfermlyn, xii. 

•** Forbes-Seth. Life of S. Margaret by Turgot. 
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" That yhere vvyth weneratyoun 
VVes made the translatyown 
Off Saynt Margret, the Lady Qwcne, 

• A fayr myrakill thare vves sene. 



Wyth all thare powere and thare slycht * 
Hyr iDody to rays thai hed na mycht, 
Na lyfft hyr anys owt off that plas, 
Quhare scho that tyme lyand was. 

Quhyll fyrst thai tuk wpe the body 
Off hyr lord that lay thare-by, 
And bare it bene in to the qwere 
Lychtly syne on fayre manere 
1 lyr cors thai tuk up, and bare ben 
And thame enteryd togyddyr then.' ^ 

Thus does Wyntoun record the story of the reputed miracle, 
when the body of Malcolm, Margaret's husband, was removed 
with hers to the new choir. 

Bower ^ described the Shrine as of deal. But in the Book of 
Pluscarden, which was written to the order and commission of 
the abbot of Dunfermline, it is described as of silver, set with gold 
and precious stones. It was doubtless of deal, covered with silver 
and richly adorned. When the relics were removed from the 
stone cofifin by the hands of bishops and abbots, they were placed 
in the Shrine, and were carried in solemn procession to 
the choir, where they were laid, at the first, on the top of the High 
Altar.3 The Shrine was thereafter placed upon the great pedestal 
prepared for it in the Lady Chapel. 

Edward, Prince of Wales, offered a jewel at S. Margaret's 
Shrine in Dunfermline, on the i6th February, 1303-4, and on the 
8th December following, the Queen also made a gift.^ 

The shrine of S. Thomas of Canterbury, whose relics were 
translated in 1220, was supported on marble arches. 

The timber structure now resting on the top of the famous 
monument in Westminster Abbey occupies the place of the shrine 
of S. Edward the Confessor, whose relics were translated in 1269. 
The shrine and the relics of this Saint have long since dis- 
appeared. The pedestal alone remains. Its design indicates 
that the altar of S. Edward was placed at the west. 

i Hist. Scot., IL 250. -IL 83. =^\. 56. 

•^Bain. Calendar of Documents relating to Scotland, IV. 486, 487. 
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The Shrine of S. Margaret is illustrated on the seal of the 
Chapter of Dunfermline, which was probably designed at the end 
of the thirteenth century. The Shrine was fashioned like a small 
church, with a circular turret with a conical roof rising from the 
centre of the ridge. There are smaller circular turrets at each 
end, and six poles with knobs on the top at uniform distances 
along the ridge. The Shrine was set high upon eight arches, sup- 
ported by eight slender spiral columns. The figure of a queen 
with a scroll in her hands, stands before a lectern in the central 
arch of the arcade. A priest, attended by an acolyte, is shewn 
celebrating Mass in the arch on the right. The draped altar 
bears a chalice. The left arch is occupied by the figure of a 
monk in front of a lectern. A sun of eleven rays, a crescent, and 
two small birds are grouped on the field of the seal, above the 
Shrine. The spaces at the ends of the Shrine are floriated. The 
inscription on the margin is : — 

+ SIGIL'L' CAPILL'I ECCL'IE SCE TRINITATIS DE 
DVNFERMELIN. 

The counter seal represents Christ in judgment, within a 
vesica, seated upon the rainbow throne. He bears an open 
book in His left hand, and His right hand is raised in the act of 
benediction. A sun of five rays and a crescent are on the field 
within the vesica, with a quatrefoil and a cinquefoil upon the 
, throne. The vesica is borne in the hands of four angels. The 
remaining spaces on the field are floriated. The inscription on 
the margin is : 

+ MORTISL' VITE BREVIS ^ VOX ITE VENITE DICET 
REPBIS ITE VENITE, PBIS.^ 

The seal and counter seal '-^ are illustrated on Plate V. 

The relics of S. Margaret were preserved in the Shrine until the 
Reformation in the sixteenth century, when they were removed to 
France. The head of the saint was at Douay in 1785, with a 
quantity of fine auburn hair upon it.^ Part of the relics are said 
to be preserved in the Escurial, Spain. A tooth of S. Margaret, 
and part of her side, are mentioned in an inventory of the relics of 

^ Brief is the sentence of death and of life. The voice will say Go, 
Come. To the condemned Go, to the good Come. 
'-^ Laing's Catalogue, loii, 1012. The seal is 2J inches in diameter. 
'^ Life of S. Margaret, by Turgot, p. 83. 
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Durham Cathedral, prepared va 1383.1 The under garment or 
shirt of the saint was preserved in Dunfermline Abbey because of 
its reputed virtue. " Sex solidi" were paid on the 19th July, 145 1, 
for carrying it to Mary of Gueldres at the time of the birth of 
James III., and eight shillings were paid on loth March, 1511-12 
for carrying it to Queen Margaret at the time of the birth of 
James V.^ 




s. Margaret's shrine, plan and section. 

Although the relics and Shrine of S. Margaret have been 
scattered abroad, and the wealth of gold and precious stones 
squandered, sufficient evidence is preserved within the ruined walls 
of the Lady Chapel of Dunfermline Abbey to enable us to estimate 
the size and magnificence of this, perhaps the most famous shrine 
in Scotland. Two blocks of polished purbeck marble formed the 
base of the structure. The lower block, as shown in the illustra- 
tion, measured originally about 10.3^ x 6.4^ x ii inches. 
The upper block measured about 7.10 x 3. 11 x 13 inches. The 
eight slender spiral shafts which carried the arches supporting the 
Shrine, rested upon the upper block. The position and size of the 



1 Raine's S. Cuthbert, pp. 122, 126. 
'^ Treasurer's Accounts, Scotland, Ixxiii. 





ri.ATE V. — CHAI'TKR OF DUNFERMTJNR. 
Seal and Counter Seal. 
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sockets for the bases of these eight shafts, are shown on the illus- 
tration.^ The Shrine was probably elevated ten or twelve feet above 
the floor of the Lady Chapel. 

S. Kentigern is said to have died at Glasgow on the 13th 
January, 603. " Diligently and most devoutly, as the custom of 
the church in those days demanded, celebrated they his funeral ; 
and on the right side of the altar laid they beneath a stone, with 
as much becoming reverence as they could, that abode of 
virtues." '^ 

When Prince David founded the cathedral of Glasgow at the 
beginning of the twelfth century, the saints tomb was known and 
held in great reverence. His relics were reputed powerful to work 
miraculous cures. 

It is reasonable to suppose that the high altar in the new 
cathedral was founded upon the site of S. Kentigern's altar, and 
that the new and enlarged structure enclosed the area of the 
ancient church. The relics of the saint may have been allowed to 
remain in the stone sarcophagus in which they were originally 
placed. 

William de Bondington, elected Bishop of Glasgow in 1233, 
began the erection of the present lower church and choir. He 
removed the entire east end of the twelfth century building and 
extended the work, with its great high altar, a considerable distance 
further to the east. All trace of the site of S. Kentigem's altar 
would have been lost at this time had not special care been taken 
in the preparation of the new design. The peculiar disposition of 
the columns in the centre aisle of the present lower church indicate 
an intention to emphasize the sacred character of the space within 
the four slender columns which are grouped in a square near the 
centre of the aisle. This square will be found to mark the eastern 
limit of the semi-circular apse of the cathedral founded by Prince 
David, and the site of the altar of his period, as well as the site of 
S. Kentigern's altar and tomb.^ We know that S. Kentigern's 
Shrine stood within this square until its destruction in the latter 
part of the sixteenth century. 



^ The dotted lines in the illustration shew the part of the marble base which 
has been cut away. 

2 Hist, of Scot, v., 115. 

^ The space within these four columns was excavated a few years ago. No 
trace of a tomb was found. 
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Bishop William de Bondington, as a great cathedral builder, 
received generous support. The new building was carried forward 
with great rapidity. It was probably completed before the 
Bishop's death in 1258. There is evidence that the lower church, 
in part at least, was vaulted in stone before the year 1247. 

The date of the translation of the relics of S. Kentigern from 
his tomb to the magnificent new shrine in the new cathedral is 
not known. 

Some time before the year 1223, William Cumyn, Earl of 
Buchan, granted a stone of wax annually at Glasgow Fair, for 
light at the daily celebration of Mass at the altar of S. Kentigern's 
tomb.^ As the present cathedral was not in existence at this date 
the reference is to the altar and tomb in the cathedral as restored 
by Bishop Jocelyn at the end of the twelfth century. 

The earliest reference to the Shrine occurs in the Wardrobe 
Accounts of King Edward I. of England. The king gave an 
oblation of seven shillings at the Shrine in Glasgow " in volta " 
(that is, in the lower church or crypt), in the year 1301, on the 
20th and 2ist August, and on the 3rd and 24th September.^ 

We learn from a Notarial Instrument, dated 4th February, 
1446-7, certifying the yearly payment of 2 lbs. wax, that Sir 
Richard Gardenar was keeper of the lights around the tomb of S.' 
Kentigern.^ 

King James IV., in 1495, offered **ane Franche croune" to the 
relics in Glasgow.'* 

Archbishop Robert Blacader, on 27th January, 1507-8, founded 
a chaplaincy in the lower church in honour of S'. Kentigern, conr 
fessor and patron, at the new altar beside the saint's tomb, founded 
by Sir Patrick Blacader.^ 

The Shrine of S. Kentigern is illustrated on the seal of the 
Chapter of Glasgow, appended to a convention between the 
Master and Brethren of Torphichen and Sir Reginald le Chien, 
Knight, regarding the patronage of the church of Ochiltree in 
Kyle, dated about 1280.^ 



^ Chart, and Docs., Glas., I., a 5. 

2 Bain's Calendar, IV., 448, 449. 

'^ Chart, and Docs., Glasgow, II., 25. 

"* Treasurer's Accounts, 242. 

"Reg. Epi. Glas., 519. 

^Liiing's Catalogue of Seals, 1024-1025. 
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The seal is circular, 2\ inches in diameter. The Shrine 
occupies the centre of the seal, and is in the form of a small 
church, having a tall central spire terminated by a large cross. 
The sides of the Shrine are panelled, and there is a cross at each 
end. An arcade of eight arches, carried by eight slender shafts, 
supported the Shrine. A small altar, bearing a chalice, is shewn 
in the centre arch of the seal. A hand descends in benediction 
above the altar. A full length figure of a man is represented be- 
neath each side arch. A sun of eight rays and a crescent occupy 
the field above the Shrine. The other three spaces are floriated. 
The inscription on ihe margin is : — 

S'CAPITULI ECCLESIE GLASGUENSIS. 

The central part of the counter seal is occupied by a half- 
length figure of S. Kentigern, mitred, and holding his pastoral 
staff in his left hand, whilst his right hand is raised in the act of 
benediction. The saint appears as if rising from his Shrine, 
calling to mind the legend of S. Edmund. Three small figures 
kneel in prayer in the lower part of the seal. Within an inner 
circle is inscribed : — 

SANCTVS KENTEG'NVS. 

The inscription on the outer circle is : — 

KENTEGERNE TVOS BENEDIC PATER ALME MINISTROS.' 

The seal and counter-seal are illustrated on Plate VI. 

In the Glasgow Inventory of the year 1432, we learn that 
there were then many precious stones in keeping for the Shrine. 
In one paper there were eighteen precious stones of ruby colour ; 
in a second paper twenty-six precious stones of various colours ; 
and a third paper contained a similar number of jewels. There 
were also eight jewels of gold adorned with precious stones, and 
;^26 15s. in money. These were probably offerings at that date 
(1432), which had not yet been utilised in the adornment of the 
Shrine. 

It is probable that the Shrine contained the following relics : — 
two silver crosses containing particles of the Lord's Cross; a 
silver-gilt phial containing hairs of the Blessed Virgin ; part of the 
dress of S. Kentigern and of S. Thomas of Canterbury ; part of 
the hair shirt of S. Kentigern in a square silver coffer ; part of the 

^ Holy Father Kentigern bless thy ministers. 
VOL. XXXIV. V 
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skin of S. Bartholemew in a silver-gilt case ; a bone of S. Ninian; 
part of the girdle of the Blessed Virgin ; the bone of some saint 
in a crystal shrine ; part of the milk of the Blessed Virgin ; part 
of the girdle of the Virgin and of the manger of our Lord ; oil 
which distilled from the tomb of S. Kentigern ; bones of SS. 
Blase and Eugene ; a piece of the tomb of S. Katherine the 
Virgin ; a portion of the cloak of S. Martin ; the combs of S. 
Kentigern and S. Thomas of Canterbury ; two linen bags with 
bones of S. Kentigern and S. Thenaw, besides many bones of 
saints, and other smaller relics.^ These relics were removed and 
the Shrine dismantled by Archbishop Beaton when he went to 
France. The beautiful pedestal upon which it rested has long 
since disappeared. 

The Shrine of S. Kentigern, which was probably erected by 
Bishop William de Bondington before his death in 1258, bore a 
striking resemblance to the Shrine of S. Margaret. If the state- 
ment in the Menologium Scoticum may be accepted, it was Bishop 
William gf Glasgow who, in 1250, translated the relics of S. 
Margaret at Dunfermline, and placed them becomingly in a gold 
coffer. ^^ Beati Vvilliebni episcopi Glascoensis^ qui 5. Margaretae 
regifiae reliqicias iranstulit^ 6^ dece filer aurea capsa collocavity- 



^ Reg. Epi. Glas., p. 329. 

- Forbes, Kalendars of Scottish Saints, 227. 
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Rules Governing the Competition for the Graham Medal. 323 



Rules Governing the Competition for the Graham Medal. 



1. The competition for the Graham Medal shall be under the 
authority and control of the Council of the Royal Philosophical 
Society of Glasgow, whose decision on all points connected there- 
with shall be final. 

2. Each candidate shall forward to the Secretary of the Royal 
Philosophical Society of Glasgow, 207 Bath Street, Glasgow, on 
or before 14th March of the year in which the competition is held, 
a paper giving an account of an unpublished original research 
conducted by himself in any branch of chemical science. 

3. The medal shall be awarded to the candidate whose research, 
in the opinion of the Council, or of the person or persons whom 
they may appoint to adjudicate in the matter, is of the highest 
merit, and most likely to aid in the advancement of chemical 
science. 

4. The successful candidate shall read the paper, on account 
of which the medal is awarded, to the Royal Philosophical Society 
of Glasgow. The paper shall thereafter be published in the 
Proceedings of the Society, and its publication elsewhere shall not 
take place without the permission of the Council. 

5. No award shall be made if, in the opinion of the Council, no 
candidate has contributed a paper of sufficient merit. 
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MINUTES OF SESSION. 

1902-1903. 



^th November^ 1902. 

The First Ordinary Meeting, for Session 1902- 1903 of the 
Philosophical Society of Glasgow, was held within the Rooms, 
207 Bath Street, on the evening of Wednesday, 5th November, 
1902, at eight o'clock. — The President, Professor Archibald 
Barr, D.Sc, occupied the Chair, and was supported by Mr 
Geo. Neilson, President of the Historical and Philological 
Section. 

1. The Hon. Secretary intimated that no Minute would be read, 
as that for the previous Meeting was published in the last issue of 
the Proceedings^ and had been read and approved at the close of 
the Meeting itself. 

2. Mr Robert Hart was admitted to Membership of the 
Society. 

3. The President delivered the introductory address of the 
session, taking for his subject " Notable Points in the History of 
the Society. In the course of the lecture Professor Barr 
explained the astronomical significance of the Seal of the Society, 
and its connection with the date on which the Society was founded. 
A vote of thanks was accorded to the President on the motion of 
Prof Gray. 

4. Mr George Neilson introduced Professor Hume Brown of 
Edinburgh University who then read a paper on "Montaigne," 
and was accorded the thanks of the meeting on the motion of 
the President. 

5. Mr Wm Buchanan and Mr David Reid were appointed to 
audit the Treasurer's books. 



Minutes of Session. 325 

6. The following gentlemen were duly elected Members of the 
Society. 

1. A. Theodore Arrol, Torwood Hill, Row, Dumbartonshire. 

2. Andrew Arthur, warehouseman, 78 Queen Street. 

3. Patrk K Barr, 51 Bath Street. 

4. William Brodie, B.L., writer, 77 St. Vincent Street. 

5. John Bruce, shipowner, Inverallan, Helensburgh. 

6. James Fulton, ironfounder, 1 1 Queen's Crescent, W. 

7. Harold D. Jackson, Westdel, Dowanhill. 

8. Professor R. Barclay Ness, M.A., M.B., 19 Woodside Place. 

9. W. Robertson Smith, stockbroker, 8 Windsor Terrace, W. 

10. J. V. Stevenson, chief-constable, Glasgow, 4 Hillside Gardens, 

Fartick. 

11. Alexander M. Trotter, M.R.C.V.S., 20 Langside Place. 

12. Charles Robert Murray, merchant, Woodbank, Partickhill. 

13. John Alexander Galbraith, shipowner, 28 Belhaven Terrace. 



i^th November^ 1902. 

The Annual Business Meeting, for Session 1902- 1903 of the 
Royal Philosophical Society of Glasgow, was held within the 
Rooms, 207 Bath Street, on the evening of Wednesday, 19th 
November, 1902, at eight o'clock. The ^President, Professor 
Barr, occupied the Chair. 

1. The Minute of previous Meeting, of date 5th November, 
1902, having been printed in the Billet calling the Meeting, was 
held as read, was approved, and was thereupon signed by the 
Chairman. 

2. The New Members elected at .the previous Meeting were 
duly admitted. 

3. The Hon. Secretary moved the suspension of the Standing 
Orders, in order to move that the presentation of the Honorary 
Librarian's Report, the Honorary Treasurer's Report, and the 
Report of Council should be deferred till next Meeting. This 
and the main motion were both agreed to. 

4. The retiring Vice-President, Mr John F. Campbell proposed 
Mr William Ewing as his successor. The motion was unani- 
mously agreed to. 
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5. On the motion of the Chairman — Mr John Robertson, 
Mr John Mann, C.A., and Dr Freeland Fergus, were unanimously 
re-elected Honorary Librarian, Honorary Treasurer, and Honorary 
Secretary, respectively, and a vote of thanks for their past services 
was accorded to them. 

6. On the motion of the Honorary Secretary, Mr George T. 
Beilby, Mr H. A. Mavor, Mr John Clark and Dr Robert Caird 
were elected Members of Council. 

7. On the motion of the Honorary Secretary, Dr John G. 
Kerr was elected to the Membership of Council for one year. 

8. Office-bearers for the different sections (see pp. 348, 349) were 
proposed respectively as below, and unanimously elected : — 

{a) For the Geographical and Ethnological Section — Mr William Ewing 
proposed those on list, p. 349. 

{b) For the Sanitary and Social Economy Section — Mr W. Buchanan 
proposed those on liit, p. 348. 

(c) For the Mathematical and Physical Section — Mr R. F. Muirhead pro- 
posed those on libt, p. 349. 

{d) For the Economic Science Section — Mr John Mann, Jun., proposed 
those on list, p. 349. 

{e) For the Historical and Philological Section — Mr John Clark proposed 
those on list, p. 349. 

The business of the Ordinary Meeting was then proceeded 
with. 

9. Professor William Smart, Phil.D., LL.D., opened a discus- 
sion on " Industrial Trusts,'' in which part was taken by Mr John 
A. Todd, Bailie D. M. Stevenson, Mr Barclay, Mr Scott, Mr 
John Mann, jun., Dr Workman, Mr John F. Campbell, Mr R. 
Lamond, jun., Mr Lester, Mr Maclaurin, and the President. 
Professor Smart replied. 

A vote of thanks was passed to Prof. Smart on a motion from 
the chair. 

The President announced that the following gentlemen ha 
been duly elected Members of the Society : — 

1. H. W. Andrews, 140 Hyndland Road, Kelvinside. 

2. J. T. T. Brown, writer, Kessiebank, Cambuslang. 

3. Andrew Buchanan, manufacturing confectioner, Dunfillan, Helens- 

burgh. 
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4. James Clark, H.M. Inspector of Schools, 25 Lilybank Gardens. 

5. James Culbert, warehouseman, 12 Eildon Villas, Mount Florida. 

6. Thomas Dunlop, shipowner and merchant, 70 Wellington Street. 

7. Robert Gibb, 28 St Vincent Crescent. 

8. James B. Goold, Bank of Scotland, Dennistoun. 

9. William Hamilton, merchant, 70 Glassford Street. 

ID. Joseph Jqnes Irons, stockbroker, 28 Eglinton Drive, Kelvinside. 

11. William Kerr, merchant, 54 Hope Street. 

12. John Knox, stockbroker, 13 Montgomerie Quadrant, Kelvinside. 

13. E. W. Langlands, property agent, 113 West Regent Street. 

14. John Lindsay, builder, Conylea, Westbourne Gardens, Kelvihside. 

15. James Logan, headmaster. Grammar School, Uddingston. 

16. Charlrs MacDonald, chief inspector of weights and measures, 55 

Lochleven Road, Langside. 

17. Dr Landel Rose Oswald, physician superintendent, Glasgow Royal 

Asylum. 

18. J. Vaughan, inspector of drawing, 7 Campside Crescent, Langside. 

19. James Weir, engineer, 72 St Andrew's Drive, Pollokshields. 



Report of Council for Session 1901-1902. 

I. Meetings. — The Session opened on the 6th November, 1901, with a 
Science Lecture by Professor A. Schuster, F.R.S., who chose for his subject 
** The Evolution of Solar Stars." There were in all twelve meetings of the Society 
held during the Session, and at these fourteen communications were made. 

II. Sections. — The high state of efficiency of the Sections continues. Three 
of them, viz., the Architectural, the Economic Science, and the Historical and 
Philological Sections, now issue regularly at the beginning, a syllabus of their 
meetings throughout the session. The remaining, the Mathematical and 
Physical, the Geographical and Ethnological, and the Sanitary and Social 
Economy, Sections, also meet regularly to read papers and discuss questions ; 
but the work of these three sections does not so readily lend itself to the 
preparation of early syllabuses. All the Sections made contributions to the 
meetings of the Society. 

The old "Philological Section," has, with the sanction of the Society, 
assumed the title "The Historical and Philological Section," in order to 
extend the sphere of its investigations. Its revised constitution will be found in 
vol. xxxiii. of the Proceedings^ page 335. It is to be regretted that the Chem - 
ical and Biological Sections are still in abeyance. 

HI. Proceedings — The volume of the Proceedings for Session 1901-1902, vol. 
xxxiii., was issued to members in September. It contains twenty-one papers, 
two of them in abstract. The greater number were read at meetings of the 
Society, but an unusually large proportion were read at Sectional meetings 
The papers are all of a high standard, and many of them give an account of 
original researches of great value in method or result. 
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IV. Centenary of the Foundation of the Society. — Early in the year the 
Council set about making preparations for celebrating the Centenary of the 
foundation of the Society in a manner worthy of the Society and of the City. ' 
It was resolved to hold a conversazione on one evening, and a banquet on the 
next, and to invite delegates to represent at these functions the leading 
Scientific and Philosophical Societies, and Educational Corporations in the 
kingdom. Through the kindness of the Lord Provost and the Corporation of 
the City, the Council obtained the use of the Kelvingrove Art Gallery and 
Museum for the conversazione. The account of ihe Centenary celebrations 
may be anticipated so far as to state that these celebrations were from first 
to last eminently successful. 

V. The competition for the Graham Medal was advertised as usual, but no 
papers were oftered. 

VI. Membership, — At the beginning of the Session there were 976 
Ordinary Members on the roll. During the Session 41 ^lembers were elected, 
and 2 reinstated from the Suspense List, making 1,019. Of these 26 have 
resigned, 12 have died, 5 have been placed on the Suspense List, and one on 
the List of Corresponding Members, so that at the beginning of Session 1902- 
1903 there were 975 Ordinary Members on the Society's list. The following 
are the deaths, viz. — Messrs Robert Balloch, Geo. M*Lellan Blair, John 
Bulloch, Wm Clark, Wm Connell, John Deir^ster, J. Z. Heys, Adam Ker, 
Duncan M*Donald, Thomas Menzies, James A. Wenley, and George Younger. 
Of the new Members admitted during the Session, 5 qualified themselves as 
Life Members, and 4 old Members likewise qualified. There are now 261 
Members of that class out of 301 who have so enrolled themselves. The roll 
now includes 16 Honorary Members, n Corresponding Members, and 975 
Ordinary Members, (Annual and Life), or a total of 1,002. 

VII. Finance. — The Treasurer's statement for 1901-1002 opens with a 
balance of ;^i6 is. ii^d. in his hands, an investment in railway stock oi £^^ 
9s. (the remainder at cost, of a large investment partly sold), and £i^Qi in 
deposit. The accounts close with ;£"i2 7s. 9d. in the Treasurer's hands with the 
same investment, ;^I50 still deposited with the Corporation of Glasgow, and 
;^200 in Bank. It is believed that, as usual at the close of the financial year, 
the Society has practically no outstanding liability. 

Separate statements are given by the Treasurer, as formerly, showing the 
position of the two funds which the Society holds in trust, viz. : — **The 
Ciraham . Medal and Lecture Fund" and "The Glasgow Science Lecture 
Fund," the balances of revenue being ;^6o 4s. 2d. and ;£"35 12s. 4d. 
respectively. 

FREELAND FERGUS, 

Honorary Secretary. 

PETER BENNETT, 

Acting Secretary. 
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Report of the Library Committee. 

The Library Committee have to report that, during last Session, exclusive of 
periodicals, 88 volumes and lo parts of works were added to the Library by 
purchase, and 42 volumes, 15 parts, and 4 pamphlets were presented. 

The periodicals received at the Library numbered 105, of which 34 were 
presented or sent in exchange, and 71 were bought. 

The Proceedings oi ihe Society were forwarded to 186 Societies or Public 
bodies in all parts of the world, and 160 volumes, and 171 parts were received 
in exchange. 

Altogether during the year there were added to the Library, 192 volumes by 
purchase, 160 by exchange, and 42 have been presented, making an estimated 
total of 14,553 volumes, exclusive of pamphlets, and abridgments of specifica- 
tions of Patents. 

During the Session 843 books and 630 periodicals were issued to members 
by the Librarian. 

Since last report 289 volumes have been bound. 

The Geological Survey of the Colony of Natal, La Faculte des Sciences de 
rUniversit(5 de Rennes, and the New York State Board of Health have been 
. added by their request to the list of exchanges. 

The new catalogue is now in manuscript. 

JOHN ROBERTSON, Hon. Librarian, 
Cotivener. 



3 rd December^ 1902. 

The Third Ordinary Meeting, for Session 1 902-1 903 of the 
Royal Philosophical Society of Glasgow, was held within the 
Rooms, 207 Bath Street, on the evening of Wednesday, 3rd 
I^ecember, 1902, at eight o'clock. In the absence of the 
President, Professor Glaister occupied the Chair, and was 
: supported by Professor Gray, President of the Mathematical and 
Physical Section. 

1. The Minute of previous Meeting, of date 19th November, 
1902, having been printed in the Billet calling the Meeting, was 
held as read, was approved, and was thereupon signed by the 
Chairman. 

2. The New Members elected at the previous meeting were 
. duly admitted. 
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3. The Hon. Secretary read the following List of Delegatesr- 
present at the Centenary Celebrations : — 



Namk. 

John Ballantyne, 

J. G. Bartholomew, F.K.G.S., 
F.R.S.K., - - - - 

A. Mai loch Bayne, - 

George Beilby, 

Wm. George Black, F.S.A., - 

James Boyd, . . - . 

H. K. Bromhead, F.R.I.B.A., 

Hugh Brown, - - - - 

James Burgess, CLE., LL.D., 
F.R.S.E., Hon.A.R.I.B.A., 
F.R.G.S., - - - - 

J. J. Burnet, A.R.S.A., 
F.R.I.B.A., F.R.S.E., 
F.S.A.S., - - - . 

Wm. Robertson Copland, C. E. , 

Sir John Neilson Cuthbertson, 

LL.D., - - . 

John Duncan, - - - - 

Patrick S. Dunn, 

Prof. Francis Elgar, LL.D., 

F.RS, - - . - 

Frederick Emley, 

Peter Ewing, F.LS., 
James Finlayson, M.D., - 

William Foulis, C.E., 

Prof. A. Gray, M.A., LL.D., 

F.R.S., 
Provost Gray, - - - - 
Jas D. Hedderwick, 

Rev. Andrew Henderson, 

LLD., - - . - 

The Right Hon. Lord Inver- 

clyde, 

The Right Hon. Lord Kelvin, 

O.M., G.C.V.O., 
Prof. J. Graham Kerr, - 
Prof. C. G. Knott, D.Sc, 

F.R.S.E., - - - - 
Dr Thomas Lapraik, 



Representing. 
Glasgow Microscopical Society 

Royal Geographical Society 

Anderson^ s College 

Society of Chemical Industty 

Glasgow Archiwlogical Society 

Western Infirmary 

Glasgow Institute of Architects 

St. Mimgo^s College 



Royal Society of Edinburgh 



Royal Institute of British Architects 
Glasgow and West of Scotland Technicatr- 
College 

School Board of Glasgow 

Greenock Philosophical Society 

Royal Glasgow Institute of the Fine Arts 

Society of Arts and also the Institute of 

Naval Architects 
Newcastle Literary and Philosophical 

Society 
Natural History Society of Glasgow 
Faculty of Physicians and Surgeons, 

Glasgow 
Engineers and Shipbuilders in Scotland 

Physical Society of London 
Victoria Infirmary 

Chamber of Commerce and also the Royal ' 
Infirmary 

Paisley Philosophical Institution 

Merchants' House, Glasgow 

Royal Institution 

Cambridge Philosophical Society 

Scottish Meteorological Society 
Glasgow Athenceum 
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Name. 
Andrew Simpson M'Clelland, - 

George Macdonald, M.A., 
Principal John Yule Mackav, 

M.D., LL.D., - - 

H. A. Mavor, M.I.E.E., 
Ex-Bailie R. M. Mitchell, 
Very Rev. Principal Story, 

D.D., LL.D., - 
John Strain, . - . - 
J. M. Taylor, LL.D., Dean of 

Faculty, . . . . 
Prof. John M. Thomson, LL. D. , 

F.R.S., P.LC., F.C.S., 
Prof. Robert Wallace, F. R. S. E , 

F.CS., F.L.S., - 
Hugh Boyd Watt, - 
Deacon-Convener White, 
James B. Murdoch, 

F.K.Ph.S.E., 
T. L. Patterson, F.LC, 

F.CS., . - - - 

Lord Provost Primrose, - 
Paul Rottenburg, LL.D , 
Prof. Edward Albert Schafer, 

LL.D.,F.R.S, - 
Prof. A. Schuster, F.R.S., 

Prof. Wm. Smart, M.A., 

LL.D., D.Phil., - 
Rev. John Smith, B.D , - 



Representing. 

Institute of Accountants and Actuaries in 

Glasgow 
Society of Antiquaries of Scotland 

St. Andrews University 
Institution of Electrical Engineers 
Glasgow University Court 

Glasgoiv University Senatus 
Institution of Civil Engineers 

Faculty of Procurators 

Institute of Chemistry and Chemical Society 

University of Edinburgh 
Andersonian Natur.alists^ Society 
Trades' House, Glasgow 

Geological Society of Glasgow 

Society of Chemical Industry 

City of Glasgow 

Royal Scottish Geographical Society 

Royal Society and also the British Association 
Manchester Literary and Philosophicar 
Society 

British Economic Association 
Govan School Board 



4. The report of Council for the last Session was submitted by 
the Hon. Secretary and adopted on the motion of the chairman. 

5. The Hon. Treasurer submitted the usual abstracts of 
accounts, signed by the Auditors, Mr Wm Buchanan, and Mr 
David Reid, and their adoption was moved by Mr Wm; Buchanan 
and seconded by Mr R. F. Muirhead. 

Mr J. M*Kellar referred to the existence of a fund in the hands 
of the Corporation in which the Society was interested, and 
asked the Hon. Treasurer how the matter stood. The Hon. 
Treasurer explained as fully as he could without having had 
previous notice, the origin of the fund referred to, and it was 
agreed, on the suggestion of the Chairman to remit the question 
for consideration to the Finance Comjgiittee of the Council. 

[Continued en page 336^ 
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Dr. 



ABSTRACT OF HONORARY TREASURER'S 

AND COMPARISON WITH 



To Bai.ANCE from last year — 

Investment, Caledonian Railway ;^ no, 3 per cent. 

Preferred, Converted, ... - £\1 9 
Deposit —Corporation of Glasgow, - 150 

In Treasurer's hands, - - - - 16 1 IIJ^ 

,, Subscriptions to 31st October, 1902— 
43 Entry moneys of 1901-1902, 

at2is., - - - £\h 3 

Annual Dues at 21s — 
Arrears, - - - - 3 3 

For 1901-1902, 684 Ordinary 

Members, - - - - 718 4 
Do., 38 New Members, - - 39 18 

806 8 

Life Subscriptions at ;^io lo^. — 

4 Old Members, - - - ^42 

5 New Members, - - 52 10 

94 10 

.,, Subscriptions of Associates of Sections — 
Architectural, 

71 Associates, at 5s., 

Mathematical and Physical, 

I Associate, at 5s. , 

Economic Science, 
24 Associates, at 5s., - 

Geographical and Ethnolociical, 
6 Associates, at 5s., 

Historical and Philological, 

9 Associates, at 5s., 

.,, Dividends, etc. — 

Dividends on Caledonian Railway Stock, ;f 3 2 1 

Interest on Deposit with Corporation, - 2 4 7 

Bank Interest, . . . . 5 8 

Proceeding's ^ etc., sold, . - - 19 



1901-1902. 1000-1901. 



I). 



213 10 IJi 



£ s. I). 



47 



900 18 





,nm 3 


u 


17 15 





19 15 





5 





5 





6 





4 15 





1 10 





1 10 





2 5 





10 






11 16 4 



30 0^ 



^1154 3i f^S60 7 Oi 



Memo. — The Society's Investments are — 

(1) Bath Street Joint Buildings, as in last Account, • - - ;^3,933 7 44 

(2) Caledonian Railway Stock, as above (present value, £S6 15s. 3d.), 47 9 

(3) Deposit with Corporation of Glasgow, ..... J50 

(4) Clydesdale Bank— in Deposit, - 200 

;^4,330 16 4i 
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ACCOUNT— SESSION 1901-1902. 

SESSION 1900.1901. 



Cr. 



190M902. 1900 lUOJ. 



By Balance from last }'ear — due to Treasurer, - 

„ Management Expenses— 

Remuneration to Acting Secretary, - ;^80 

Ex-Secretar}''s Retiring Allowance (final), 35 

Allowance for Treasurer's Clerks, - - 15 

Commission to Collectors, - - - 9 13 2 

Expense of Lectures, - - - 8 12 9 

Stationery, 19 2 3 

P'ire Insurance on Library, - - - 6 10 
Postages, etc. — Per Secretaries, ;^io 9s. id.; 

per Treasurer, £^ 17s. 2d., - - 15 6 3 



PIxpENSES OF Rooms, onehalf of;^333 9s. ijd.; 
less half of ;^iio ids. 6d. received for 
Lettings, 



Library — 
New Books and Periodicals, British and 

Foreign, ;^167 5 11 

Bookbinding, 32 9 



Printing, etc. — 

Printing Proceeding's, Circulars, etc. , - ;£^200 2 1 
Postage and delivery of Circulars, - 19 4 3 

Bond Over Property (Paid Up), - 

Subscriptions to Societies— 

Ray Society, 1902, - - - ;^1 1 

Palseontographical Society, 1902, - 110 



Expenses of Sections per Secretaries— 

Architectural, 

Mathematical and Physical, 

Economic Science, 

Geographical and Ethnological, 

Historical and Philological, 

Sanitary and Social Economy, ... - 

Investments — 

Caledonian Railway ;fiio, 3 per cent 

Preferred, Converted (Balance), - - £^1 9 

Corporation of Glasgow, on Deposit, - J50 

Clydesdale Bank, on Deposit, - - 200 



Balance in Treasurer's hands, - 



£ .s. I). I £ s. D. 
() \ 1/f 13 7 

i 



189 4 5 



ISS !) 10^ 



111 9 3i ^'4fJ ':i «n 



199 6 8 



219 6 4 




2 2 



13 1 8 

5 

4 17 6 

3 

1 5 8 
3 2 



397 9 
12 7 9 



;^1154 3i 



h15 4 



'^47 1 I 
LiUO O 



2 2 0- 



8 14 6 

S (/ 

3 18 li 

6 

1 (J 







Iff? i) 




i^^ao 7 oii 



Glasgow, 14th November, 1902.— We, the Auditors appointed by the Society to 
examine the Treasurer's Accounts for the year 1901-1902, have examined the same, of 
which the above is an Abstract, and have found them correct, the Balance in Treasurer's 
hands being Twelve Pounds, Seven Shillings and Ninepence Sterling. 

(Signed) WM. BUCHANAN. 

JNO. MANN, C.A., Honorary Treasurer. DAVID REID. 
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On the recommendation of Professor Gray, it was also agreed 
that for this special business Mr M*Kellar act on the Finance 
Committee. 

The Hon. Treasurer's Abstracts were then adopted. 

6. The Hon. Librarian, Mr John Robertson, presented the 
Annual Report of the Library Committee, and referred to valuable 
donations of books received last Session, and made special men- 
tion of the works of the Prince of Monaco which have been 
presented by the author. The report was adopted, and a vote of 
thanks passed to donors. 

In answer to a question Mr Robertson staled that the catalogue 
of the Library was now in manuscript. 

7. Professor Glaister here vacated the Chair and it was there- 
after occupied by Professor Gray. 

8. Mr Jas \V. Peck, M.A., Hon. Secretary of the Mathematical 
and Physical Section, read a paper entitled : " The Corpuscular 
Theories of Gravitation," being a contribution from the Mathe- 
matical and Physical Section. 

A discussion followed the reading of the paper, and among, 
those who took part were, Mr Falconer, Dr Park, Mr H. Stanley 
Allen, Mr Muirhead, and the Chairman. 

Mr Peck replied, and was accorded the thanks of the meeting. 

9. The Hon. Secretary announced that the following gentlemen- 
had been duly elected Members of the Society : — 

Honorary Mefnber, 

Professor Edward Albert Schafer, LL.D., F.R.S., M.R.C.S., University 
of Edinburgh. 

Corresponding Members. 

1. John George Bartholomew, F.R.S.E., F.R.G.S., Geographical. 

Institute, Park Road, Edinburgh. 

2. James Burgess, CLE., LL.D., F.R.S.E., Hon. A.R.LB.A.,. 

F.R.G.S., 22 Seton Place, Edinburgh. 

3. Francls Elgar, LL.D., F.R.S., F.R.S.E., 18 Cornwall Terrace, 

Regent's Park, London, N.W. 

4. Frederick Em ley. Literary and Philosophical Society of Newcastle- 

upon-Tyne. 

5. Professor Cargill G. Knott, D.Sc, F.R.S.E., 42 Upper Gray 

Street, Edinburgh. 
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6 Principal John Yule Mackay, M.D., LL.D., University College, 
Dundee. 

7. Professor John Millar Thomson, LL.D., F.R.S., F.I.C., F.C.S., 

King's College, and 85 Addison Road, London. 

8. Professor Robert Wallace, F.R.S.E., F.L.S., F.C.S., University 

of Edinburgh. 

Ordinary Members. 

1. Alexander Hamilton Aiton, writer, 190 West George Street. 

2. James C. Ewing, assisuant librarian, 14 Woodlands Road. 

3. John Grove, jun., writer, 199 St Vincent Street. 

4. Rev. William Henderson IIarrowes, M.A., i Beaumont Gate, 

Dowanhill. 

5. John JuBB, B.L., writer, 190 West George Street. 

6. DuGALD Ferguson Lochhead, produce broker, 45 Cecil Street, 

Hillhead. 

7. Thomas Macquaker, solicitor, 89 West Regent Street. 

8. Thomas Nisbet, M.Inst. C.E., Master of Works, City Chambers. 

9. Robert Douglas San di lands, architect, 241 West George Street. 

10. Thomas Wilson, secretary, 57 Cochrane Street. 

11. George Parker, writer, 180 Hope Street. 



17/// December^ 1902. 

The Fourth Ordinary Meeting, for Session 1902-1903 of the 
Royal Philosophical Society of Glasgow, was held within the 
Rooms, 207 Bath Street, on the evening of Wednesday, 17th 
December, 1902, at eight o'clock. The President, Professor 
Barr occupied the Chair. 

1. The Minute of previous Meeting, of date 3rd December, 
1902, having been printed in the Billet calling the Meeting, was 
held as read, was approved, and was thereupon signed by the 
Chairman. 

2. The New Members elected at the previous Meeting were 
duly admitted. 

3. Mr Peter Macnair, of the Glasgow Museums, Joint Hon. 
Secretary of the Glasgow Geological Society, read a paper, with 
lime-light illustrations, on "The Building of the Grampians," 
being a contribution from the Mathematical and Physical 
Section. 

VOL. XXXIV. X 
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A discussion followed in Mr Jolly, Mr Wallace, Mr Jas 
Knight, Mr James Neilson, Professor Laurie, and the President 
took part. Mr Macnair replied and was accorded the thanks of 
the Meeting 

4. The President announced that the followed gentlemen had 
been duly elected Members of the Society : — 

1. John Adams, M.B., i Queen's Crescent, W. 

2. Peter D. Ridge Beedle, merchant, 57 West Nile Street. 

3. William Blair, stockbroker, 24 St Vincent Place. 

4. Alex. L. Boston, jeweller, 12 Argyle Arcade. 

5. Alex. M. Forrester, anal)rtical chemist, 99 Grant Street. 

6. H, P. Meares, civil engineer, 34 Ancaster Drive, Jordanhill. 

7. George Morton, stockbroker, Horsileihill Road, Kelvinside. 



I ^Ih January, 1903. 

The Fifth Ordinary Meeting, for Session 1902- 1903 of the 
Royal Philosophical Society of Glasgow, was held within the 
Rooms, 207 Bath Street, on the evening of Wednesday, 14th 
January, 1903, at eight o'clock. In the absence of the President 
Mr Wm Ewing, Vice-President, occupied the Chair, and was 
supported by Mr Robert Blyth, President of the Geographical 
and Ethnological Section. 

1. The Minute of previous Meeting, of date 17th December, 
1903, having been printed in the Billet calling the Meeting, was 
held as read, was approved, and was thereupon signed by the 
Chairman. 

2. The New Members elected at the previous Meeting were 
duly admitted. 

3. Professor G. F. Scott Elliot, M.A., B.Sc, F.L.S., F.R.G.S., 
read a paper, profusely illustrated, on " Can the British Empire 
be made Self-supporting?" being a contribution from the 
Geographical and Ethnological Section. 

A discussion followed in which part was taken by Mr D. M. 
Scott, Mr Blyth, Dr Rottenburg, Dr Dyer, and the Chairman. 

Professor Elliot replied, and on the motion of the Chairman, 
was accorded the thanks of the Meeting. 
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4. The Hon. Secretary announced that the following gentle- 
men had been duly elected Members of the Society : — 

1. A. W. G. Buchanan, Parkbill, Polmont, Stirlingshire. 

2. William Gemmill, solicitor, 62 Bath Street. 

3. Thomas Hinshelwood, manfacturer, Kemphill House. 

4. John G. Stevenson, writer, 147 St. Vincent Street. 

5 G. CoMRiE Smith, artist and photographer, The Studio, Giffnock. 



iZth January^ i903» 

The Sixth Ordinary Meeting, for Session 1 902-1 903 of the 
Royal Philosophical Society of Glasgow, was held within the 
Rooms, 207 Bath Street, on the evening of Wednesday, 28th 
January, 1903, at eight o'clock. In the absence of the President 
Professor Maclean, Vice-President, occupied the Chair, and was 
supported by Dr A. K. Chalmers, President of the Sanitary and 
Social Economy Section. 

1. The Minute of previous Meeting, of date 14th January, 
1903, having been printed in the Billet calling the Meeting, was 
held as read, was approved, and was thereupon signed by the 
Chairman. 

2. The New Members elected at the previous Meeting were 
duly admitted. 

3. Dr James Devon, Medical Officer of H.M. Prison, read a 
paper, entitled " The Study of the Criminal," being a contribution 
from the Sanitary and Social Economy Section. 

A discussion followed the reading of the paper, and among the 
speakers were Dr Chalmers, Dr Oswald, Mr Young (Procurator 
Fiscal), Mr. Motion, Prof. Brown, Supt Douglas, Mr Williams, 
Prof. M*Vail, Prof. Lindsay Steven, Mr Alex. Scott, Dr Fergus, 
Mr Richardson, Mr Cook, Mr Smillie, and Dr Moffat. 

Dr Devon replied, and was accorded the thanks of the Meeting 
on the motion of the Chairman. 

4. The Hon. Secretary announced that Mr Thomas Binnie, 
Jun., M.A., 3 Park Gate, had been duly elected a Member of the 
Society. 
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wth February^ 1903- 

The Seventh Ordinary Meeting, for Session 190 2- 1903 of the 
Royal Philosophical Society of Glasgow, was held within the 
Rooms, 207 Bath Street, on the evening of Wednesday, nth 
February, 1903, at eight o'clock. In the absence of the 
President, Mr John A. Todd, President of the Economic Science 
Section, occupied the Chair. 

1. The Minute of previous Meeting, of date 28th January, 
1903, having been printed in the Billet calling the Meeting, was 
held as read, was approved, and was thereupon signed by the 
Chairman. 

2. The New Member elected at the previous Meeting was 
duly admitted. 

3. The Hon. Secretary referred to the loss which the Society 
had sustained in the death of one of their most eminent Honorary 
Members, Sir George G. Stokes. On the suggestion of the Hon. 
Secretary it was remitted to the Council to take any steps that 
seemed proper to the occasion. 

4. Mr John G. Kerr, LL.D., read a paper entitled "Public 
Expenditure in the Fostering of Commercial and Industrial 
Education," being a contribution from the Economic Science 
Section. 

A discussion followed, in which part was taken by Mr P. D. 
Ridge Beedle, Dr Dyer, Dr Colville, Mr Cheatham, Mr Adam 
Rankin, Mr John Lindsay, Mr Alex. Macindoe, and the 
Chairman. 

Dr Kerr replied, and received the thanks of the Meeting. 

5. The Hon. Secretary announced that 

1. Wm. E. Christie, M.A., Principal, Collegiate School, Queen's Park^ 

47 Millbrae Road, Langside, 

2. Alex. Moncrieff Mitchell, 8 Kew Terrace, Kelvinside, 

had been duly elected Members of the Society. 
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25M February^ 1903- 

The Eighth Ordinary Meeting, for Session 1902- 1903 of the 
Royal Philosophical Society of Glasgow, was held within the 
Rooms, 207 Bath Street, on the evening of Wednesday, 25th 
February, 1903, at eight o'clock. The President, Professor Barr, 
occupied the Chair, and was supported by Professor Gray, Presi- 
dent of the Mathematical and Physical Section. 

1. The Minute of previous Meeting, of date nth February, 
1903, having been printed in the Billet calling the Meeting, was 
held as read, was approved, and was thereupon signed by the 
Chairman. 

2. The New Members elected at the previous Meeting were duly 
admitted. 

3. The President announced that the remit from last Meeting 
had that evening been considered by the Council, and that an 
expression of regret and sympathy would be sent to the relatives 
of the late Sir G. G. Stokes. 

4. Professor Andrew Gray, LL.D., F.R.S., read papers on 
(i) *' Entropy:" (2) "The Cooling of the Earth." Professor 
Gray also exhibited two models of thermodynamic surfaces ; one, 
the surface for a perfect gas, which is a particular case of the 
hyperbolic paraboloid; and the other. Professor James Thomson's 
thermodynamic surface, with a line drawn showing the path 
of continuity from the wholly liquid to the wholly gaseous 
condition. 

A discussion followed in which part was taken by Professor 
Blyth, Professor Maclean, Mr R. F. Muirhead, Professor Gray, 
and the Chairman. 

A vote of thanks was accorded to Professor Gray. 

5. Mr W. Stewart, M.A., D.Sc, read a paper on ** Magneto 
Optic Phenomena," with experimental illustrations. 

^Tr H. Stanley Allen, Professor Blyth, Professor Gray, and 
Professor Maclean took part in the discussion which followed. 
Dr Stewart was accorded the thanks of the Meeting. 
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The above communications were from the Mathematical and 
Physical Section. 

6. The Chairman announced that the following gentlemen had 
been duly elected Members of the Society : — 

1. David Dewar, 31 Arlington Street. 

2. James S. Morton, 54 St Vincent Street. 



11 Ih March, 1903. 

The Ninth Ordinary Meeting, for Session 1902- 1903 of the 
Royal Philosophical Society of Glasgow, was held within the 
Rooms, 207 Bath Street, on the evening of Wednesday, nth 
March, 1903, at eight o'clock. The President, Professor Barr, 
occupied the Chair. 

1. The Minute of previous Meeting, of date 25th February, 
1903, having been printed in the Billet calling the Meeting, was 
held as read, was approved, and was thereupon signed by the 
Chairman. 

2. The New Members elected at the previous Meeting were 
duly admitted. 

3. The Chairman intimated that the President and Council of 
the Glasgow Geological Society had sent an invitation to the 
Members of the Royal Philosophical Society to be present at a 
meeting in the Rooms, on the 26th March, to hear an address by 
Dr R. H. Traquair, F.R.S., on " The Palseontological work of 
Hugh Miller." 

4. Mr George Macdonald, M.A., F.S.A.(Scot.), read a paper 
on " Coin Finds and How to Interpret Them," being a communi- 
cation from the Historical and Philological Section. 

Remarks in appreciation of the paper were made by Mr Todd 
and Mr Clark, and on the motion of the Chairman a vote of 
thanks was accorded to Mr Macdonald. 

5. The President announced that the following gentlemen had 
been duly elected Members of the Society : — 

1. David Kennedy Picken, B.A., Jesus College, Cambridge, 2 Derby 

Terrace, Glasgow. 

2. Alp:xander Walker, writer. City Chambers, Glasgow. 
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25M March^ iQ^S- 

The Tenth Ordinary Meeting, for Session 1902-1903 of the 
Royal Philosophical Society of Glasgow, was held within the 
Rooms, 207 Bath Street, on the evening of Wednesday, 25th 
March, 1903, at eight o'clock. The President, Professor Barr, 
occupied the Chair. 

1. The Minute of previous Meeting, of date nth March, 
1903, having been printed in the Billet calling the Meeting, was 
held as read, was approved, and was thereupon signed by the 
Chairman. 

2. The New Members elected at the previous Meeting were 
duly admitted. 

3. The President introduced Mr Arthur Kay, J. P., who then 
read a paper on ** Municipal Trading, Limited,'' being a contri- 
bution from the Economic Science Section. 

The reading of the paper was followed by a discussion in which 
Mr John A. Todd, Bailie Graham, Mr Maclaurin, Mr Gilbert 
Thomson, Mr Lester, Mr Beckett, and the President, took part — 
Mr Kay replied, and was accorded the thanks of the Meeting. 



%th Aprils 1903- 

ThQ Eleventh Ordinary Meeting, for Session 1 902-1 903 of 
the Royal Philosophical Society of Glasgow, was held within the 
Rooms, 207 Bath Street, on the evening of Wednesday, 8th 
April, 1903, at eight o'clock. In the absence of the President 
Mr Geo. Neilson, President of the Historical and Philological 
Section, occupied the Chair. 

1. The Minute of previous Meeting, of date 25th March, 
1903, having been printed in the Billet calling the Meeting, was 
held as read, was approved, and was thereupon signed by the 
Chairman. 

2. Professor Walter A. Raleigh, M.A., read a paper on ** The 
Novelists of the 13th Century," being a communication from the 
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Historical and Philological Section. A discussion followed in 
which the speakers were Mr Amours, Mr J. T. T. Brown, Mr 
Edwards, the Chairman, and Professor Raleigh. A vote of 
thanks was passed to Professor Raleigh on the motion of the 
Chairman. 



Minute of Extraordinary General Meeting 
OF date 8th April, 1903. 

An Extraordinary General Meeting of the Philosophical Society 
of Glasgow was held in the I.arge Hall of the Society's Rooms, 
207 Bath Street, Glasgow, on Wednesday, the 8th day of April, 
1903, at 7.50 o'clock p.m. 

In the absence of the President of the Society the chair 
was occupied by Mr George Neilson. 

Present — A Quorum. 

The Meeting had been convened for the purpose of submitting 
the following Resolution which had been duly notified in the 
billet :— 

"That His Majesty the King* having expressed his 
approval of the word * Royal ' being prefixed to the 
name of the Society, resolved that the name of the 
Society be changed to *The Royal Philosophical Society 
of Glasgow.' " 

The foregoing resolution was formally moved by the Hon. 
Secretary, Dr Freeland Fergus, seconded by Mr J. Craig Annan, 
and having been put by the Chairman, was declared carried 
unanimously. 

The Chairman intimated that a second Extraordinary General 
Meeting would be called by billet for that day fortnight, at which 
the Minute of Meeting would be submitted for confirmation. 



Minute of Extraordinary General Meeting 
of date 22nd april, j903. 

An Extraordinary General Meeting of the Philosophical 
Society of Glasgow, was held in the Large Hall of the 
Society's Rooms, 207 Bath Street, Glasgow, on Wednesday, the 
22nd day of April, 1903, at 7.50 o'clock p.m. 
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In the absence of the President of the Society the Chair was 
occupied by Professor John Glaister, Vice-President. 

Present — A Quorum. 

The Meeting had been convened for the purpose of submitting 
the Minute of an Extraordinary General Meeting of the Society 
of date, 8th April, 1903, as required by the provisions of the 
Companies Act, 1862. 

The Minute referred to having been read by the Hon. 
Secretary, Dr Freeland Fergus, was confirmed by the Meeting, 
and was thereupon signed by the Chairman. 

This Minute was then read by the Hon. Secretary, and 
approved by the Meeting, and the Chairman authorised to 
sign it. 



22nd April y 1903. 

The Twelfth Ordinary Meeting, for Session 1 902-1 903 of 
the Royal Philosophical Society of Glasgow, was held within 
the Rooms, 207 Bath Street, on the evening of Wednesday, 
22nd April, 1903, at eight o'clock. In the absence of the 
President Professor Glaister, Vice-President, occupied the 
Chair. 

1. The Minute of previous Meeting, of date 8th April, 
1903, having been printed in the Billet calling the Meeting, was 
held as read, was approved, and was thereupon signed by the 
Chairman. 

2. Dr A. K. Chalmers, M.D., D.P.H., Medical Officer of 
Health for the City of Glasgow, read a paper entitled, " The 
Death-Rate in One- Apartment Houses," being a communication 
from the Sanitary and Social Economy Section. 

In the discussion which followed, part was taken by Mr D. 
M. Scott, Mr John F. Campbell, Mr Knight, Mr Mitchell, Dr 
Finlayson, Mr Ferguson, Mr Lindsay, Mr Beckett, Mr Watson, 
Mr John Mann, jr., Mr Low, the Chairman, and Dr Chalmers. 

On the motion of the Chairman Dr Chalmers was accorded a 
hearty vote of thanks. 
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3. The Hon. Secretary announced that the following gentle- 
men had been duly elected Members of the Society : — 

1. John Alison, M.A., F.R.S.E., U.F.C., Training College. 

2. James Roberton Christie, M.A., LL.B., Advocate, 3 Gloucester 

Place, Edinburgh. 

3. Rev. James Bell Grant, B.D., St Stephen's Parish Chutch. 

4. C. W. Bream Pearck, Wine Shipper, Nithsdale, Maitland Avenue, 

Langside. 

4. The Acting Secretary then read this Minute which the 
Meeting approved, and authorised the Chairman to sign when it 
should be engrossed in the Minute-book. 



Office-Bearers of the Society. 
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ADDITIONS TO THE LIBRARY. 



By Donation. 

From the Corporation of Glasgow — 

Meteorological Notes and Remarks upon the weather dating the year 

1 901, with its general effects. 

Report of the Medical Officer of Health, submitting a Report by Dr 
Dittmar on the Distribution of Enteric Fever in the Eastern District 
of Glasgow in the years 1897- 1901. 
From the Executive Committee of the International Engineering Congress — 

Proceedings of the International Engineering Congress, Glasgow Meeting, 

1902. 2 Vols. 
From the British Association — 

Local Industries of Glasgow and the West of Scotland (Handbook, Glas- 
gow, Meeting, 1901). Edited by Angus M*Lean. 
From the Author — 

Eleventh Annual Report upon the Health and Sanitary Condition of the 
County of Ayr, 1 90 1. By C. R. Macdonald. 1902. 
From Mr William Ewing— 

Fingal, an Ancient Epic Poem, in six books, together with several other 
Poems, composed by Ossian the Son of Fingal. Translated from the 
Gaelic by James Macpherson. 4to. 1762. 
From Mr Isaac Low — 

Playfair's System of Clironology. Folio. 1784. 
From Mr James Paton — 

Glasgow Corporation — Museums and Galleries, Report for 1901. 
From the Author — 

Report of the Medical Officer of Health — Glasgow Corporation — 1901. 
By A. K. Chalmers. 
From Dr. A. K. Chalmers — 

Corporation of Glasgow — Report on Smallpox, 1900-1901. 
From the Royal Society — 

Reports to the Evolution Committee, Part i — Experiments undertaken by 

W. Bateson and Miss E. R. Saunders, 1902. 
Reports to the Malarial Committee. Part 7. 
From Mr James Knight — 

Quarterly Journal of the Geological Society, Vol. 58, Parts 2, 3, 4. 1902. 
Quarterly Journal of the Geological Society. Vol. 59, Part i. 1903. 
From Dr Freeland Fergus — 

Annual Report of the State Board of Health of New York for 1900. 
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From tlie Author — 

Eleventh Report of the Medical Officer of Health to the County of Stirling 
for 1 90 1. By John C. M*Vail. 

Eleventh Annual Report of the Medical Officer of Health to the County 
of Dumbarton for 1 90 1, by John C. M*Vail. 

From Dr Oswald Fergus — 

Proceedings of the Society of Antiquaries of Scotland. 3rd Series. 
Vols. I -10. 1 890- 1900. 
From the Secretary, Scottish Widows' Fund and Life Assurance Society — 
Useful Tables of Compound Interest on l*remiums for Assurances and 
Annuities. 2nd Edition. 1901. 

Life Assurance at the Commencement of the 19th Century, and Early 
History of the Scottish Widows' Fund and Life Assurance Society, 
1901. 

Causes of Death among the Assured in the Scottish Widows* Fund and 
Life Assurance Society from 1874-94. By C. Muirhead. 1902. 
From the Astronomer Royal for Scotland — 

Annals of the Royal Observatory, Edinburgh. Vol. i. Edited by Ralph 
Copeland. 4to. 1902. 
From the Author — 

Thirty-Second Annual Report on the Operations of the Sanitary Depart- 
ment of the City of Glasgow for 190 1. By Peter Fyfe. 
From the North of England Institute of Mining and Mechanical Engineers — 
Subject — Matter Index of Mining, Mechanical and Metallurgical Litera- 
ture for 1900. 

From the Geological Survey of New South Wales — 

Handbook to the Mining and Geological Museum, Sydney. By G. W. 
Card. Withspecial reference to the Mineralogical Collections. 1902. 
From the Smithsonian Institution — 

Index to the Genera and Species of the Foraminifera. Part i. 1893. 
By Charles D. Sherborn. 
From the Author — 

Eleventh Annual Report of the Medical Officer to the County of Lanark 
for 1 90 1. By John T. Wilson. 
From the United States Geological Survey — 

Alaska— Reconnaissances in the Cape Nome and Norton Bay Regions, 

1900. By A. H. Brooks and others. 
Alaska — Geological and Mineral Resources of a portion of the Copper 
River District. By F. C. Schrader, and A. C. Spencer. 1901. 

From Messrs Brown & Son — 

Brown's Nautical Almanac for 1903. 
From the Author — 

Kunst-Formen der Natur. Part 7. By Ernest Haeckel. 
From Mr John Mann — 

Early History of Lithography in Glasgow. By Thos Murdoch. 1902. 
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From Dr Henry Dyer — 

Laws and Regulations relating to Taxation of Japan. 
From Dr James Finlayson — 

Scottish Arts and Letters: a Quarterly Review of Literature and the 
Liberal Arts. Vol. I. 1901-2. 
From the Author — 

The Ultimate Reality of All Things. By Robert Park. Pamphlet. 1902. 
From Mr F. T. Barrett- 
Index Catalogue of the Gorbals Public Library, Glasgow. 1902. 
From the Geological Survey of Scotland — 

Memoir of the Geological Survey of Scotland — Geology of Eastern Fife : 

being a Description of Sheet 41 and Parts of Sheets 40, 48 and 49 of 

the Geological Map. By Sir Archibald Geikie. With an Appendix 

of Fossils. By B. N. Peach, 1902. 

Geology of Lower Strathspey (Explanation of Sheet 85). By L. W. 

Hinxman, and J. S. Grant Wilson. 1902. 
Geology of Eastern Fife. By Sir Archibald Geikie and B. N. Peach. 
1902. 
From Dr. H. C. Marr— 

Annual Report of Glasgow District Asylum, Woodilee, 1901-2. 

From Mr. W. D. Sawers — 

Technological Dictionary — English, German, and French. 4th edition. 

2 Vols. Edited by C. Dill, E. von Hoyer, and E. Rohrig. 

Wiesbaden. 1891. 
Lehrbuch der Chemischen Technologie, zum unterricht und selbst 

studium. By F. Knapp. 2 Vols. Brunswick. 1847, 
Handworterbuch der reinen und angewandten Chemie. By T. Liebig, T. 

C. Poggendorff, und F. Wohler. Bande 1-5. Brunswick. 1842-1851. 
From the Bureau of American Ethnology — 

Kathmalet Texts. By Franz Boas. (Bulletin 26). Washington. 1901. 
From the Author- 
Notes on Hindu Astronomy, and the History of our Knowledge of it. 

(From the Journal of the Royal Asiatic Society, 1893). ^7 James 

Burgess. Hertford. 1893. Pamphlet. 
Orthography of Foreign Place Names. By James Burgess. (Reprinted 

from the Scottish Geographical Magazine, 1892). Pamphlet. 
Transliteration of Oriental Alphabets. By James Burgess. (Extrait des 

Actes du A'e Congr^s International des Orientalistes, tenu en 1894 

k Geneve). Leydcn. 1895. Pamphlet. 

The Definite Integral —j- I e — ^" dt^ with extended Tables of Values. 
V V o 
By James Burgess. (From Transactions of the Royal Society 
of Edinburgh, Vol. 39.) 1898. Pamphlet. 

From Dr. C. G. Knott (the Author)— 

Physics : An Elementary Text-Book for University Classes. 1901. 
VOL. XXXIV. Y 
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From Sir D. Hooker (the Author) — 

Sketch of the Life and Labours of Sir William Jackson Hooker. 1902. 
From Mr. H. A. Mavor — 

British Association, Glasgow Meeting, 1901. Historical Narrative of 
Local Arrangements. 1902. 
From Dr. John Brownlee (the Author— 

Reports of the City of Glasgow Fever and Smallpox Hospitals, Belvidere, 
1901, 1902. 
From the Royal College of Physicians, Edinburgh — 

Laboratory Reports. Vol. 8. 1903. 
From Dr Alex. Johnston (Author) — 

Reports of the City of Glasgow Fever Hospitals, Ruchill, and Kennedy 
Street. 1901, 1902. 
From Dr W. A. Parker (Author)— 

Fifth Annual Report of Gartloch Asylum and Hospital for Mental 
Disorders. 1902. 



By Purchase. 

Anderson, Tempest. Volcanic Studies in Many Lands. 4to. 1903. 
Annales des Ponts et Chaussees, Memoires, General Index. 7th Series. 

1891-1900. 
Austin, H. H. Among Swamps and Giants in Equatorial Africa. 1902. 
Avebury, Lord. Flowers, Fruits, and Leaves. 1900. 
Board of Education. — Special Reports on Educational Subjects. Vols. 7-9. 

1902. 
Brady, G. S. Monograph of the Free and Semiparasitic Copepoda of the 

British Isles. Vol. i. (Ray Society). 1878. 
Browne, A. J. Jukes. Student's Handbook of Stratigraphica Geology. 1902. 
Buckton, George B. Monograph of the British Aphides. Vol. i. (Ray 

Society). 1876. 
Cole, John (Editor). Hints to Travellers, Scientific and General. 8th 

Edition. 2 Vols. 1901. 
Collie, J. N. Climbing on the Himalaya and other Mountain Ranges. 

Edin. 1902. 
Conway, Sir W. M. First Crossing of Spitzbergen. 1897. 
Dron, R. W. Coalfields of Scotland. 1902. 
Fdser, Edwin. Light for Students. i2mo. 1902. 
Edser, Edwin. Heat for Advanced Students. 1901. 
Education Department — Special Reports on Educational Subjects. Vols. 2-6. 

1 898- 1 900. 
Elliot, G. F. S. Nature Studies (Plant Life). 1903. 

Encyclopaedia Britannica. Vols. 25-29. Vols. 32, 33. Vol. 34 (Maps. 1903). 
Englische Studien. Organ fur Englische Philologie. Band 30. 1902 and 

continued. 
English Catalogue of Books for 1901. 
English Catalogue of Books for 1902. 
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Eyre-Todd, George (Editor). Glasgow Poets, their Lives and Poems. 1903. 
Fitzgerald, George Francis, Scientific Writings of. Edited by Joseph 

Larmor. 1902. 
Fleming, J. A. Waves and Ripples in Water, Air, and Ether. 1902. 
Gierke, Otto. Political Theories of the Middle Age. Translated by F. W, 

Maitland, 1900, 
Glaister, John. Text-Book of Medical Jurisprudence, Toxicology and Public 

Health. Edinburgh. 1902. 
G ray, Andrew, and Matthews, G. B. Treatise on Bessel Functions and their 

Applications to Physics. * 1895. 
Haggard, H. Rider. Rural England : being an Account of Agricultural and 

Social Researches carried out in the years 1901 and 1902. 2 Vols. 

1902. 
Hertz, H. Miscellaneous Papers. Translated by Jones and Schott. 1896. 
Hertz, H. Principles of Mechanics. Translated by Jones and Walley. 1899. 
Huxley, Thomas H. Scientific Memoirs of. Edited by Sir Michael Foster 

and E. R. Lankester. Vol. 4. 1902. 
James, William. The Varieties of Religious Experience : a Study in Human 

Nature, being the Gifford Lectures on Natural Religion. 1901-2. 
Johnston, Sir Harry. Uganda Protectorate. 2 Vols. 1902. 
K ay, Arthur. The Corporation of Glasgow as Owners of Shops, Tenements, 

and Warehouses. N.D. 
Knight, W. Memoir of John Nichol, Professor of English Literature in the 

University of Glasgow. 1896. 
Knight, W. S. M. Business Encyclopoedia and Legal Adviser (in 6 Vols). 

Vols. 1-3 and continued. 1902. 
Macintosh, Hugh. Origin and History of Glasgow Streets. 1902. 
L ang, A ndrew. History of Scotland from the Roman Occupation. Vol. 2. 1 902, 
Maclean, Magnus. Literature of the Celts, its History and Romance. 1902. 
Martin, David. Glasgow School of Painting. 1897. 
Maxwell, Sir Herbert. History of the House of Douglas. 2 Vols. 1902. 
Muir, James H. Glasgow in 1901. 
Norman, Henry. All the Russias : Travels and Studies in Contemporary 

European Russia, Finland, Siberia, the Caucasus, and Central Asia. 

2nd Edition. 1902. 
Palceontographical Society's Publications — 

Files, Gertrude L., and Wood, Ethel M. R. British Graptolites. Part 
I. 1902. 

Reynolds, S. H., British Pleistocene Mammalia. Vol. 2, Part I. 1902. 

Woods, Henry. Cretaceous Lamellibranchia of England. Part 4. 
1902. 

Woodward, A. S., Fossil Fishes of the English Chalk. Part i. 1902. 
Paton, James (Editor). Scottish History and Life. Folio. 1902. 
Patrick, R. W. C. Mediaeval Scotland. Glasgow. 1892. 
Philosophical Transactions of the Royal Society of London. Vol. 1 97 A., Vol. 

1 98 A., and Vol. 199A. 1902. 
Poynting, J. H., and Thomson, J. J. Text-Book of Physics— Properties of 

Matter. 1902. 
Prichard, H. H. The Heart of Patagonia. 1902. 
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Ramsay, Alex. Scientific Roll and Magazine of Systematised Notes. — 

Bacteria, Vol. I. Parts I to 5 and continued. 
Rayleigh, Lord. Scientific Papers of. Vol, 4, 1892-1901. Camb. 1903, 
Rayleigh, Lord. Theory of Sound. 2nd Edition. 2 Vols. 1894,1896. 
Revue Historique. Vol. 78. 1902 and continued. 
Reynolds, Osborne. Inversion of Ideas as to the Structure of the Universe 

(Rede Lectures, 1902). Cambridge. 1902. 
Re)nnolds, Osborne. Papers on Mechanical and Physical Subjects. 2 Vols. 

1869- 1900. 
Robertson, John G. A History of German Literature. 1902. 
Scottish Antiquary or Northern Notes and Queries. Vol. 16. 1901-02 

and continued. 
Sexton, A. H. An Outline of the Metallurgy of Iron and Steel. Manchester. 

1902. 
Smart, William. Distribution of Income. 1899. 
Spencer, Sir Herbert. Facts and Comments. 1902. 

Squire, Peter. Companion to the British Pharmacopoeia 17th Ed. 1899. 
Statesman's Year- Book, 1903. 

Taylor, Charles. Particle : Past and Present. 1902. 
Theal, G. M*Call. Progress of South Africa in the Century. 1902 
Wade, E. J. Secondary Batteries : their Theory, Construction and Use, 

1902 
Wright's English Dialect Dictionary. Parts 17-20 and continued. 



The Royal Philosophical Society Exchanges with the 
FOLLOWING Societies, etc. : — 

AFRICA. 
Cape Town — 

South African Philosophical Society. 

Cape of Good Hope Observatory. The Astronomer Royal. 

AUSTRALIA. 
Brisbane — 

Royal Geographical Society of Australasia. 
Melbourne — 

Royal Observatory Library. 

Royal Society of Victoria, Victoria Street. 
Sydney — 

Geological Survey, Department of Mines and Agriculture. 

Royal Society of New South Wales, 5 Elizabeth Street, North. 

Technological Museum. 

Royal Anthropological Society of Australasia. 

Australian Association for the Advancement or Science 

Australian Museum. 

University Library. 
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BELGIUM. 
Brussels — 

Academic Royale des Sciences. 

Observatoire Royale. 

Societe Royale Malacologique de Belgique. 14 Rue des Sols. 

Li^ge— 
Society Royal des Sciences. 

BRAZIL. 
Rio-Janeiro — 

Museu Nacional do Rio Janeiro. 

CANADA. 

Halifax- 
Nova Scotian Institute of Science. 
Hamilton (Ont.)— 

Hamilton Association. 
London (Ont.) — 

Entomological Society of Ontario. 
Montreal — 

Canadian Society of Civil Engineers, 112 Mansfield Street. 
Ottawa — 

Geological Survey of Canada, Sussex Street. 

Royal Society of Canada. 
Quebec — 

Literary and Historical Society of Quebec. 

Regina — 

Department of Agriculture, North-West Territories. 

Toronto— 

Canadian Institute, 58 Richmond Street, East. 

Winnipeg — 

Manitoba Historical and Scientific Society. 

CHINA. 

Hong Kong — 

Hong Kong Observatory. 

ENGLAND AND WALES. 

Barnsley — 
Midland Institute of Mining, Civil, and Mechanical Engineers, Elder 
Street. 

Bath- 
Bath Natural History and Antiquarian Field Club. Royal Literary 
Institution. 

Birmingham — 

Philosophical Society, Medical Institute, Edmund Street 
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ENGLAND AND WALES— r^«//««<?^. 

Bristol- 
Bristol Naturalists' Society. Dr. C. K. Rudge, Ashgrove House, 145 White 
Ladies' Road, Clifton. 

Cambridge — 

Philosophical Society, New Museum. 
University Library. The Curator. 

Cardiff- 
Cardiff Naturalists' Society, Dr. Griffith, 50 Newport Road. 

South Wales Institute of Engineers, Park Placa. 
Falmouth — 

Royal Cornwall Polytechnic Society. 
Greenwich — 

Royal Observatory. The Astronomer R(.)yal. 
Leicester — 

Leicester Literary and Philosophical Society. 
Liverpool — 

Geological Society, Royal Institution, Colquitt Street. 

Literary and Philosophical Society. Tate Librarian, University College. 

Liverpool Engineering Society, Royal Institution, Colquitt Street. 
London — 

Anthropological Institute, 3 Hanover Square. 

British Association for the Advancement of Science, Burlington House. 

British Museum. The Superintendent, Copyright Office. 

British Refrigeration Review, 46 Cannon Street, E.C. 

Chemical Society, Burlington House. 

Feilden Publishing Co., Temple Chambers, Embankment. 

Institution of Civil Engineers, Great George Street, Westminster, S. W. 

Institution of Mechanical Engineers, Storey's Gate, St. James' Park, 
Westminster. 

Junior Institution of Engineers, 39 Victoria Street, Westminster, S.W. 

Patent Office Library, 25 Southampton Buildings, Chancery Lane. 

Pharmaceutical Society, 17 Bloomsbury Square. 

Royal Geographical Society, i Saville Row. 

Royal Institute of British Architects, 9 Conduit Street, Hanover Square. 

Royal Institution of Great Britain and Ireland, Albemarle Street, Picca- 
dilly, W. 

Royal Meteorological Society, 22 Great George Street, Westminster. 

Royal Photographic Society, 66 Russell Square, W. 

Royal Society, Burlington House. 

Royal Statistical Society, 9 Adelphi Terrace, Strand. 

Society of Arts, John Street, Adelphi. 

Society of Biblical Archaeology, 37 Great Russell Street, Bloomsbury. 

Society of Chemical Industry, Palace Chambers, 9 Bridge Street, West- 
minster. 

Society of Psychical Research, 19 Buckingham Street. 

Enij^ineeying. The Publisher, 35 Bedford Street, Strand. 



Exchanges ivith other Societies^ ^'c, 359 

KXGLAND AND \\\L\:S—coniimieci. 

Manchester — 

Manchester Association of Enp[ineers, Grand Hotel, Aytoun Street. 

Geographical Society, i6 St Mar)*s Parsonage. 

Literarj' and Thilosophical Society of Manchester, 36 George Street. 
Middleshorough — 

Cleveland Institution of Engineers. 

Newcastle-upon-Tyne — 

North-East Coast Institution of Engineers and Shipbuilders, 4 St 

Nicholas Buildings. 
North of England Institute of Mining and Mechanical Engineers^ 
Neville Hall. 

Oxford- 
Bodleian Library. 

Stratford (Essex)— 

Essex Field Club. Passmore- Edwards Museum, Romford Road. 

Truro — 

Royal Institution of Cornwall. 

Watford- 
Hertfordshire Natural History Society and Field Club (Endowed Schools). 

Welshpool — 

Powys-Land Club. The Secretaries, Museum and Library, Salop Road. 

FRANCE. 
Bordeaux — 

Societe des Sciences Physiques et Naturelles de Bordeaux. 
Marseilles — 

Faculte des Sciences de Marseille. 
Paris— 

Ecole Pol}'techni(iue. The Director. 

Observatoire Met^orologique Central de Montsouris. 

Rennes — 

Library of the University. 

CiERMANV. 
Berlin — 

Deutsche Chemische Gesellschaft. 

Deutsche Kolonial Verein. 

Konigliche Preussische Akademie der Wissenchaften. 
Bremen — 

Geographische Gesellschaft. 
Giessen (Hesse) — 

Oberhessische Gesellschaft fiir Natur-und-IIeilkunJe. 
Griefswald (Prussia) — 

Geographische Gesellschaft. 
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G E K^lA.'iiY—continned. 
Halle (Prussia) — 
Vereins fiir Erdkunde zu Halle. 

Kaiserliche Leopoldino — Carolinische Deutsche Akademie der Natur- 
forscher. 

INDIA. 

Calcutta — 

Geological Survey of India. 

IRELAND. 

Belfast- 
Belfast Naturalists' Field Club, Museum, College Square, North. 
Natural History and Philosophical Society, Museum, College Square. 
North. 

Dublin- 
Royal Dublin Society, Leinster House. 
Royal Irish Academy, 19 Dawson Street. 
Trinity College Library. 

ITALY. 
Milan — 
Reale Institute di Lombard© di Scienze, Lettere, ed Arti. 

JAPAN. 
TokiD— 

Imperial University of Tokio. 

JAVA. 

Batavia — 
Royal Magnetical and Meteorological Observatory. 

MEXICO. 

Mexico — 

Institute Geologico de Mexico, 
Observatorio Astronomic© Nacional de Tacubaya. 
Observatorio Meteorologico- Magnetic© Central. 
Sociedad Cientifica "Antonio Alzate." 

]\rONACO. 

M©naco — 
Musee Oceanographique. 

NETHERLANDS. 

Amsterdam — 

Academic Royale des Sciences A Amsterdam. 
Harlem — 

Musee Teyler. 

Societe Hollandaise des Sciences ^ Harlem. 
Leyden — 

K©n. Nederlandisch Aardrijkskundig Geno©tschap. 
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NEW ZEALAND. 

Wellington — 

New Zealand Institute. 

NORWAY. 

Christiania — 

Kongelige Norske Frederiks Universitet. 
Videnskabs-Selskabet i Christiana. 

ROUMANIA. 
Bucharest — 

Societatii de Sciinte Fizice. 

RUSSIA. 
Kazan — 

Imperial Kazan University. 
St Petersburg — 

Academic Imperiale des Sciences. 

SCOTLAND. 

Aberdeen — 

Philosophical Society, 147 Union Street. 

Alnwick — 

Berwickshire Naturalists' Club. 

Edinburgh — 
Advocates' Library. 

Botanical Society of Edinburgh, Royal Botanic Garden. 
Geological Society, 5 St Andrew Square. 

Highland and Agricultural Society of Scotland, 3 George IV. Bridge. 
Royal Physical Society, 18 George Street. 
Royal Scottish Geographical Society, Queen Street. 
Scottish Meteorological Society, 122 George Street. 
Royal Scottish Society of Arts, 117 George Street. 
Royal Society, The Mound, Princes Street. 

Glasgow — 

Archaeological Society, 88 West Regent Street. 

Baillie's Institution Free Library. 

Faculty of Physicians and Surgeons of Glasgow, 242 St Vincent Street. 

Geological Society, 207 Bath Street. 

Glasgow and West of Scotland Technical College Library, 38 Bath Street. 

Institution of Engineers and Shipbuilders in Scotland, 207 Bath Street. 

Mitchell Library, Miller Street, 

Natural History Society of Glasgow, 207 Bath Street. 

Stirling's Public Library, Miller Street. 

West of Scotland Iron and Steel Institute. 

Hamilton — 

Mining Institute of Scotland. 
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SWEDEN. 

Upsala — 

Royal University Library. 
Stockholm — 

Kongliga Svenska Vetenskaps-Akademie. 

TASMANIA. 

I lobar t— 

Koyal Society of Tasmania. 

UNITED STATES. 
Albany — 

New York State Department of Health. 
Austin (Texas) — 

Texas Academy of Science. 
Baltimore — 

Johns Hopkins University. 
Berkeley (Cal.)— 

University of California. 
Boston — 

American Academy of Arts and Sciences. 

Boston Society of Natural History, 
Buffalo- 
Buffalo Society of Natural Sciences. 
Chicago — 

Western Society of Engineers. 
Colorado Springs — 

Colorado College Scientific Society. 
Columbia (Mo.) — 

University of Missouri. 
Davenport (Iowa) — 

Academy of Natural Sciences. 
Denver — 

Colorado Scientific Society. 
Des Moines (Iowa) — 

Iowa Geological Survey. 
Indianopolis (Ind.) — 

Indiana Academy of Science. 
Lawrence (Kansas) — 

Kansas University. 
Madison (Wis.)— 

Madison Geological and Natural History Society. 

Washburn Observatory. 
Mount Hamilton (Cal.)— 

Lick 01)scrvalory. 
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UNITED STATES— .w///;///6v/. 

Newhaven (Conn.) — 
Connecticut Academy of Arts and Sciences. 
Yale University. 

New York — 
American Geographical Society, 15 Eighty -first Street. 
American Museum of Natural History, Seventy-seventh Street, and Central 

Park West. 
American Society of Civil Engineers, 220 West Fifty-seventh Street. 
New York Academy of Sciences, Columbia University, West Ii6th 

Street. 
School of Mines, Columbia College. The Associate Editor. 

Philadelphia — 
Academy of Natural Science of Philadelphia. 

The Associated Alumni of the Central High School of Philadelphia. 
American Pharmaceutical Association. 
American Philosophical Society. The Hon. Secretaries, 104 South Fifth 

Street. 
Franklin Institute, 15 South Seventh Street, 
Numismatic and Antiquarian Society of Philadelphia. 
Wagner Free Institute of Science, corner of Seventeenth Street and 

Montgomery Avenue. 

Rochester (N.Y.)— 

Rochester Academy of Science. Corresponding Secretary. 

St. Louis — 

Academy of Science of St Louis. 
Missouri Botanical Garden. 

Salem — 

American Association for the Advancement of Science. 

San Francisco (California)— 
California Academy of Sciences. 

Topeka (Kansas) — 

Kansas Academy of Science. 

Washington — 

Bureau of Education (Department of the Interior). 

Bureau of Ethnology. 

Smithsonian Institution. 

United States Geological Survey. 

United States National Museum (Department of the Interior). 

United States Naval Observatory. 

United States (Department of Agriculture). 
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LIST OF PERIODICALS. 



(Those received in exchange are indicated by an **«"/ 



WEEKLY. 



Academy. 

Architect. 

Athenceum. 
^lAutomobile Club Journal. 

British Journal of Photography. 
^zBritish Refrigeration Review. 

Builder. 

Building News. 

Chemical News. 

Comptes Rendus 

County and Municipal Record. 
^zDeutsche Kolonialzeitung. 

Dingler's Polytechnisches Journal. 

Electrical Review. 



Electrician. 
aEngineering. 

English Mechanic. 

^Illustrated Official Journal of Abridg- 
ments of Patents, 
fljournal of the Society of Arts. 

Journal of Gas Lighting. 

Lancet, 

La Nature. 

Nature. 

Notes and Queries. 
^Pharmaceutical Journal. 
^Publishers' Circular. 

Scientific American and Supplement. 



FORTNIGHTLY. 



Annalen der Chemie (Liebig's). 
^zBerichte der Deutschen Chemischen 
Gesellschaft. 



Journal de Pharmacie et de Chimie. 
Journal fiir Praktische Chemie. 
Zeitschrift fiir Angewandte Chemie. 



MONTHLY. 



^zAmerican Chemical Journal. 
American Journal of Science. 
Analyst. 

Annalen der Physik. 
Annales de Chimie et de Physique. 
Annales de I'lnstitut Pasteur. 
Annales des Ponts et Chauss^es. 
Annales des Sciences Naturelles — 

Botanique. 
Annales des Sciences Naturelles — 

Zoologie. 
Annals and Magazine of Natural 

History. 
Annales des Mines. 



Antiquary. 

Beiblatter zuden Annalen der Physik. 

Bulletin de la Soci^t^ Chimique de 
Paris. 

Bulletin de la Soci^t^ Geologique 
de France. 

Bulletin de la Society Industrielle de 
Mulhouse. 

Bulletin de la Societe d'Encourage- 
ment pour I'lndustrie Nationale. 

Bulletin of the American Mathemati- 
cal Society. 
^Canadian Entomologist, 
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MONTHLY— C£7«//«Krfl'. 



aFeilden*s Magazine. 
^Geographical Journal. 

Geolc^cal Magazine. 
ajohns Hopkins University Circulars. 

Journal of Botany, 
ajournal of the Chemical Society. 

Journal of Education, 
ajoumal of the Franklin Institute. 
ajoumal of the Royal Photographic 

Society, 
fljoumal of the Society of Chemical 

Industry, 
fljournal of the Western Society of 
Engineers. 

Library Association Record. 

Library World. 

London, Edinburgh, and Dublin 
Philosophical Magazine. 

Petermanns Mitteilungen. 

Polytechnic Bibliothek. 



^Proceedings of the Royal Society of 

London. 
^Proceedings of the Society of Biblical 
Archceology. 
Revue Universelle des Mines, 
rt Royal Astronomical Society's 
Monthly Notices. 
Science Abstracts. 
^Science of Man. 
^Scottish Electrician. 
^Scottish Geographical Magazine. 
aSitzungsberichte der Kciniglich Preus- 
sischen Akademie der Wissen- 
schaften zu Berlin. 
aTijdschrift van het Koninklijk 
Nederlandoch Aardrijkskundig 
Genootschap. 
ezTravel. 
Zoologist. 

I 



QUARTERLY. 



Annals of Botany. 
^Vnnals of Scottish Natural History. 
^Archives N^erlandaises des Sciences 

Exactes et Naturelles. 
^Bulletin of the American Geogra- 
phical Society. 
^Bulletin of the Kansas University. 
Economic Journal. 
Englische Studien. 
Jahrbuch iiber die Forschritte der 

Mathematik. 
Journal of Anatomy and Physiology. 
^Journal of the Anthropological Insti- 
tute of Great Britain. 
^Journal of Manchester Geographical 

Society. 
^Journal of the Royal Institute of 

British Architects. 
Journal of the Royal Microscopical 

Society, 
ajournal of the Royal Statistical 

Society, 
ajournal of the Scottish Meteoro- 
logical Society. 



aMemorias \ Revista de la Sociedad 
Cientifica " Antonio Alzate." 
Mind : a Quarterly Review of 
Psychology and Philosophy. 
^Proceedings of the American Philo- 
sophical Society. 
Quarterly Journal of Economics. 
^Quarterly Journal of Geological 
Society. 
Quarterly Journal of Microscopical 
Science. 
^Quarterly Journal of Royal Meteoro- 
logical Society. 
Quarterly Journal of Pure and 

Applied Mathematics. 
Reliquary and Illustrated Archteolo- 

gist. 
Record of Technical and Secondary 

Education. 
Revue Historique. 
rtSchool of Mines Quarterly. 
Scottish Antiquary. 
Scientific Roll. 
Zeitschrift filr Analytische Chemie. 
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ANNUALLY. 



Association Fran<5^ai.se pour I'Avance- 
ment des Sciences. 

Ikitish Journal Photographic 
Almanac. 

Ilazeirs Annual. 

Jahres-Bericht Chemischen Techno- 
logic. 

Journal of the Royal Agricultural 
Society of England. 

L'Annee Scientifique et Industrielle. 

Murray's English Dictionary. 
^Journal de L'Ecole Poly technique. 



PaUeontographical Society's Publica- 
tions. 

Philosophical Transactions, Royal 
Society of London. 

Ray Society's Publications. 

Repertorium der Technischen Journal 
— Litteratur. 

Report of the Board of Education. 

Statesman's Year Book. 

Symons' British Rainfall. 

Wright's English Dialect Dictionary. 



The Library and the Reading-Room are open : — Winter, 9.30 a.m. till 8 
p.m.; Meeting Nights, till 10 p.m.; Saturdays, 2 p.m. 

Summer (May till October, except during the holidays, from the nth till 
31st July), 9.30 a.m. till 5 p.m ; Saturdays, I p.m. 



List of Members. 367 



LIST OF MEMBERS 

OF THE 

Royal Philosophical Society of Glasgow 

FOR 1 902- 1903. 



HONORARY MEMBERS. 
{Limited to Twenty.) 

With Yh:ar of Election. 



Foreign. 



Rudolph Albert von Kolliker, Wurizburg. i860 

Professor Ernst Heinrich Hasckel, Jena. 1880 

Professor Georg (|)uincke, Hauptstrasse 47, Friederichsbau, Heidelberg. - - 1890 

American and Colonial. 

Robert Lewis John Ellery, F.R. A. S., Victoria, Australia. 1874 

5 Thomas Muir, M.A., LL.D., F.R.S.S., L. and E., Superintendent (general of 

Education, Cape Colony. 1892 

Professor S. I'. Langiey, LL.D., D.C.L., Secretary of the Smithsonian Institu- 
tion, Washington, U.S.A. 1895 

British. 

Sir Joseph Dalton Hooker, C.B., G.C.S.L, M.D., D.C.L., LL.D., F.R.S., The 

Camp, Sunningdale. ^ 1874 

Herbert Spencer, care of Messrs Williams & Norgate, 14 Henrietta Street, 

Covent garden, London. 1879 

Rev. John Kerr, LL.D., F.R. S., Glasgow. 1881: 

10 The Right Hon. Lord Rayleigh, M.A., D.C.L., LL.D., F.R.S., F.R.A.S., 
F.R.S.G., Prof, of Nat. Philosophy in the Royal Institution, London, 
Terling place, Witham, Essex. 1890 

The Right Hon. Lord Lister, Lf>.D., D.C.L., /'.R.S., 12 Park crescent, Portland 

place, London, W. 1895 

Sir Archibald Geikie, LL.D., D.Sc, F.R.S., F.R.S.E., F.G.S., Director- 
General of the Geological Survey of the United Kingdom, 10 Chester ter- 
race, Regent's Park, London, N.W. 1895 

The Right Hon. Lord Kelvin, O.M., G.C.V.O., LL.D., D.C.L., F.R.S., Largs. 1896 
{Ordinary Member^ 1 846 //// 1896.) 

James B. Russell, LL.D., M.D., 49 Braid road, Morningside, Edinburgh, 

Honorary Vice-President^ 1899 

IS Sir William T. Gairdner, K.C.B., M.D., LL.D., F.R.S., Edinburgh. - - 1900 

{Ordinary Member^ 1863 //// 1 900.) 

Professor Edward Albert Scbafer, LL.D., F.R.S., M.R.C.S., University of 

Edinburgh. 1902 
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CORRESPONDING MEMBERS. 

With Year of Election. 

A. S. Herschel, M. A., D.C.L., F.R.S., F.R.A.S., Hon. Professor of Experimental 

Physics in ihe University of Durham ; Observatory House, Slough, Bucks. - 1874 
Thomas E. Thorpe, Ph.D., F.R.S., F.R.S.E., Principal of the Government 

Laboratories, Clement's Inn-passage, W.C. 1874 

John Aitken, LL.D., F.R.S., F.R.S.E., Ardenlea, Falkirk. .... 1883 

Alex. Buchan, M.A., LL.D., F.R.S.E., F.R.S., Secretary to the Scottish 

Meterological Society, 122 George street, Edinburgh. 1883 

5 James Dewar, M.A., F.R.S., F.R.S.E., M.R.I., Jacksonian Professor of Physics, 
University of Cambridge, and Professor of Chemistry in the Royal Institution 

of Great Britain, i Scroope terrace, Cambridge. 1883 

Joseph W. Swan, M.A., F.R.S., 58 Holland Park, W. 1883 

William Milne, M.A., B.Sc, F.R.S.E., Department of Public Education, 

Cradock, Cape Colony. - ... - 1894 

Richard Lodge, M. A., Professor of History in Edinburgh University. - - • 1899 
Edmund J. Mills, D.Sc, LL.D., F.R.S., Emeritus Professor of Technical 
Chemistry, Glasgow and West of Scotland Technical College, 11 Greenhill 

road, Harrow. ^ 1901 

10 Arthur Schuster, Ph.D., F.R.S., Professor of Physics, Victoria University, Man- 
chester, Victoria park, Manchester. --..•.-. 1901 
W. S. M*Cormick, M.A., LL.D., 2 St Andrew's .square, Edinburgh. - - - 1902 
John George Bartholomew, F.R.S.E., F.R.G.S., Geographical Institute, Park 

road, Edinburgh. 1902 

James Burgess, CLE., LL.D., F.R.S.E., Hon. A.R.LB.A., F.R.G.S., 22 Seton 

place, Edinburgh. - 1902 

Francis Elgar, LL.D., F.R.S., F.R.S.E., 18 Cornwall Terrace. Regent's park, 

London, N.W. - - 1902 

15 Frederick Emley, Literary and Philosophical Society of Newcastle-upon-Tyne. - 1902 
Professor Cargill G. Knott, D.Sc, F.R.S.E., 42 Upper Gray street, Edinburgh. 1902 
Principal John Yule Mackay, M.D., LL.D., University College, Dundee. - - 1902 
Professor John Millar Thomson, LL.D., F.R.S., F.I.C., F.C.S., Kmg's College, 

and 85 Addison road, London. 1902 

Professor Robert Wallace, F.R.S.E , F.L.S., F.C.S., University of Edinburgh. - 1902 



ORDINARY MEMBERS. 
With Year of Entry. 
a Denotes Life Members, 



Adam, Stephen, 121 Bath street. 1896 
aAdam, Thomas, F.S.I., 27 Union 
street. 1892 

Adams, John, M.B., i Queen's 
crescent, W. 1902 

Adams, William, Makerstoun, Bears- 
den. 1891 
5 Addison, W. H., Superintendent 
Mount Florida Deaf and Dumb 
Institution. 1895 
aAgar, Thomas F., Argentine Consul- 
General, 30 George square. 1896 

Agnew, John, Viewfield, Carluke. 1901 

Aikman, W. G., 12 Kingsborough 
gardens, Kelvinside. 1899 

Alton, Alexander Hamilton, 190 
West George street. 1902 



10 Alexander, D. M., 5 Derby cres- 
cent, Kelvinside. 1887 

Alexander, G. W., M.A., 129 Bath 
street. 1893 

Allen, Herbert Stanley, M.A., 
B.Sc, Blythswood laboratory, 
Renfrew. 1901 

aAllan, Henry, 2 Park gardens. 1900 

Allan, James W., M.R., 18 India 
street. 1900 

15 Alison, John, M.A., F.R.S E., 

U.F.C. Training College. 1903 

Alston, J. Carfrae, 27 James Watt 
street. 1887 

Anderson, Alexander, 157 Trongate. 1869 

Anderson, James, 4 Kingsborough 
gardens. 1900 
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Anderson, James, i6S George street. 1890 
20 Anderson, James Scott, Auchnasith, 

Bearsden. 1902 

Anderson, James Spencer, 81 Great 

Clyde street. 1901 

Anderson, John, 142 West Nile 

street. 1S84 

Anderson, J. B. Mackenzie, M.S., 

8 Buckingham terrace, Ilillhead. 1895 
Anderson, R. T. R., 80 Seedhill rd, 
Paisley. 1889 

25 Anderson, Robert, 76 Bath street. 1896 
Anderson, Robert, Eastwoodhill, 
Giffnock. 1900 

a Anderson, Robert Locke, 233 St 

Vincent street. 1901 

aAnderson, T. M*Call, M.D., Professor 
of Practice of Medicine in the 
University of Glasgow, 9 The 
College. 1873 

Anderson, Wm, 12 Piinces square. 1900 
30a Anderson, William, 133 Wellington 

street. 1890 

Anderson, W. F. G., 47 Union st. 1878 
Andrew, Grant, 12 Woodside 
terrace. 1900 

a Andrew, James, 160 West George 
street. 1900 

Andrews, H. W., 140 Hyndland 
road, Kelvinside. 1902 

35 Angus, Robert, Lugar, Ayrshire, N.B. 1901 
a Annan, J. Craig, 234 Sauchiehall st. 1888 
Annandale, Charles, M.A., LL.D., 

35 Queen Mary avenue. 1888 

Arneil, Allan, 13 Afton crescent. 190 1 
aArnot, J. L., 204 Bath street. 1890 

40 Arrol, Theodore A., Torwood Hill, 

Row, Dumbartonshire. 1902 

Arrol, William A., Torwoodhill, 

Row. 1869 

aArrol, Sir William, LL.D., Seafield, 

Ayr. 1900 

a Arthur, Andrew, 78 Queen street. 1902 
Arthur, J., 78 Queen street. 1900 

45 Arthur, Sir Matthew, Bart., 78 Queen 

street. 1900 

Arthur, Thomas G., Carrick house, 
Ayr. 19CX) 

Bain, Andrew, 17 Athole gardens. 1890 

Bain, Robert, 132 West Nile street. 1869 
aBaird, J. G. A., M.P., Well wood, 
Muirkirk. 1892 

50 flBalfour, Alexander, Kelvindare, 

Kelvinside. 1900 

Ballantine, George, jun. , 100 Union 
street. 1897 

Balmain, Thos, i Kew terrace, 
Kelvinside. 1881 

Barbour, Wm, M.B., CM., 5 Ash- 
grove terrace, Partickhill. 1900 
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Barclay, A. f. Gunion, M.A., 
F. R. S. E. , High School. 1893 

55 Barclay, A. P., 133 St Vincent street. 1890 

Barclay, George, 8 Windsor circus. 1891 

Barclay, James, 16 Roxburgh street, 
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Drink and crime. Dr. Devon on, 58, 59. 
Dunfermline, seal of chapter of, 317. 

Early History of the Society, Prof. Barr on, i. 

Earth, the cooling of the. Prof. Gray on, 341. 

East Worlington, coin-find in, 294 

Education, commercial and industrial, Dr 
John G. Kerr on, 63 ; compulsory. Sir 
Charles Cameron on, 48, 49 ; national ex- 
penditure on, statistics relating to, 70 ; the 
curse of, Gorst's, 65 ; the necessity of, Mr. 
Asquith on, 67 ; secondary. Dr. Kerr on, 
71, 72 ; state during the last 30 years. Dr. 
Kerr on, 65 ; state maintenance and control 
of, Herbert Spencer on, 65 ; state interfer- 
ence in, 64. 

Educational work in Scotland, scheme of, Dr 
Kerr on, 71. 

Edward III., account of his coronation from 
the " Brute," 279. 

Edwards, John, on History in the ** Chronicle 
of the Brute," 272-281. 

Electric conduction in metals and the ionic 
theory, 113 ; convection, 109. 

Electricity, negative, emitted by hot metal wire, 
113; works, (Glasgow) accounts, Alex. 
Murray on, 95. 

Electrolysis, Faraday's laws of, 108. 

Electrons, etc., nomenclature respecting, no; 
connection of. with the Zeeman effect, 113; 
the theory of Ions or, H. Stanley Allen, on, 
106. 

Elliot, Prof. G. F. Scott, on Can the British 
Empire be made self-supporting? 257-271. 

Entropy, definition of, 117 ; by Prof. A. Gray, 
116. 

Energy, Prof. Gray on waste of available, 122. 

Exchanges, list of, 356-363. 

Faraday's laws of Electrolysis, 108. 
Fathers, the, on heathen learning, 305-306. 
Fatio on Gravitation, 27. 
Fault, boundary of the Highlands, 174 ; the 

great Tyndrum, 217. 
Finances (Corporation), criticisms of, 81. 
Fishing, the Royal Company of, 237. 
Folding and foliation, 221 ; and cleavage, 222; 

great axis of, in the Highlands, 156. 
Foliation and bedding in Dunoon Phylletes, 

175 ; and folding, 221 ; in the Highlands, 

laws of, 222 ; in schists, Sharpe on, 154. 
Firth of (ilyde, geological structure of, 220. 

Geanticlinal of the Alps, 150. 
Geanticlinal of the Grampians, 201. 
Geological Survey in the Southern Highlands, 

162. 
Geology of the Highlands, Murchison and 

Geikie on, 151. 
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Glasgow Corporation Accounts, by Alexander 
Murray, 79 ; particularly considered, Alex. 
Murray, 91. 

Glasgow, Seal of the Chapter of, 320, 321. 

Glasgow waterworks tunnel, section of, 195. 

Gneiss of the Blackmount, 158. 

Gneisses of the Highlands, 179. 

Gorst's, " The Curse of Education," 65. 

Graham Medal Fund, accounts, 334 ; rules 
governing the competition for, 323. 

Grampians and Alps, structure compared, 149 ; 
identity of structure in, 153; apparent dis- 
crepancies in the structures of, 221 ; geoclinal, 
167 ; geological structure in, 212-220; the 
building of, by Peter Macnair, 147-224 ; 
structure of, Nicol on, 157 

Gravitation, Fatio on, 27 ; Redeker on, 27 ; 
Lesage's hypothesis, 20, 27, 31 ; corpuscular 
theories of. by J. W, Peck ; Blair's theory, 
35 ; Lerag*s theory, 35 ; Kelvin's theory, 
36-38 ; Preston on, 38-40 ; Jarolimek*s 
theory, 41-42 ; isotropy of all matter with 
respect to, 25 ; absence of influence by tem- 
perature, chemical decomposition, etc., 26; 
duality of the action, 26 ; Bemouli, John, 
on the mechanism of, 27 ; radial nature of 
the action, 22 ; absence of reflection, refrac- 
tion, retardation, sheilding, etc., 22 ; pro- 
portionality to the acting masses, 23 ; 
independence of the nature of the acting 
masses, 23 ; proportionality to the inverse 
square of the distance, 23 ; instantaneous 
propagation, 24 ; intensity undiminished by 
by time, 25, 

Gravity, determinations of, 18. 

Gray, Prof. A., on the cooling of the earth, 
341 ; on entropy, 116. 

"Green beds" of the Southern Grampians, 
179-181. 

Grits of Ben Ledi and Ben Vorlich, 178 ; 
microscopic structure of the, 169. 

Guilds and crafts, 231, 

Gun-money, Geo, Macdonald on, 288. 

Heathen learning, the Fathers on, 305, 306. 
Heredity and Crime, Dr. Devon on, 52. 
Highlands, boundary fault of, 174 ; Geology 

of, Murchison and Geikie on, 151 ; Southern 

Geological survey in, 162 ; table of meta- 

morphic rocks of, 173. 
History in the ** Chronicle of the Brute," by 

John Edwards, 272-281. 
History of the Society, Prof. Barr on the early, 

I. 
** House," interpretation of the word, Dr 

Chalmers on, 133. 

Igneous rocks of the Highlands, 173. 
Imprisonment, effect oi first, Dr. Devon on, 
60, 61. 



Incorporation, privileges of, 228, 229 ; (Scot- 
tish) first act relating to, 231. 

Interest and sinking fund as charges upon 
capital expenditure, Alex. Murray on, 88. 

Ionic theory and electric conduction in metals, 

"3- 

lonisation, H. Stanley Allen on, ill. 

Ions, etc., nomenclature respecting, 1 10; or 
Electrons, the theory of, by II. Stanley 
Allen, 106 ; work of C. T. R. Wilson on, 
112 ; velocity of negative, Zeleng on, ill. 

Jarolimek on Gravitation, 41, 42. 

Joint-Stock Companies, Early Scottish, 
Richard Brown on, 225-249 ; private, 245- 
249 ; meaning of the term, 225. 

Kathode rays, J. J. Thomson on, 108. 

Kay, Arthur, on Municipal Trading Limited, 

343. 
Kelvin, Lord, contributions of, to the Froceed- 
ings of the Society, 14 ; on Gravitation, 36, 

.37, 38- 

Kilmahog, black shales at, 157. 
Killin hills, the, 223. 

Lapworth's "The Secret of the Highlands," 

158. 
Latin influence on Anglo-Saxon poetry, John 

Clark on, 301-314 ; influence on structure of 

Anglo-Saxon poetry, 311, 312. 
Lecky, Mr., on diminution of disease and 

general health, 128. 
Legislation, tenement house, in New York, 143. 
Lesage's hypothesis of Gravitation, 20, 27, 31 ; 
Lesage, on the nature of Corpuscles, 33. 
Library, additions to, 351-356 ; Committee, 

Report of the, 329. 
Lifetime of the Society, notable fact concern- 
ing the, 6. 
Limestone, Loch Tay, in Cowal, etc, 182- 

185 ; sections of, 209. 
Loan debt, Glasgow Corporation, Alex. 

Murray on, 98 ; table of, 103 ; repayment 

of, Alex. Murray on, 82. 
Loch Katrine water and the society, 1 1. 
Loch Fyne, geological structure of, 219. 

Macdonald, George, on Coin Finds and how 
to interpret them, 282-300. 

Macnair, on the clastic schists of the High- 
lands, 163 ; Peter, on the building of the 
Grampians, 147-224. 

Magnetio-optic phenomena, W. Stewart on, 

341- 
Marine denudation, plain of, 148. 
Meall Uaine, geological structure of, 189. 
Metamorphic rocks of the Highlands, table of, 

^73- .... 

Metamorphoses, dynamic, m minerals, 172. 
Members of the Society, the original, 3. 
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Honorary, 
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Corresponding, 
Bartholomew, John George, 336. 
Burgess, James, 336. 
Elgar, Francis, 336. 
Emley, Frederick, 336. 
Knott, Professor Cargill G. , 336. 
Mackay, Principal John Yule, 337. 
Thomson, Professor John Millar, 337, 
Wallace, Professor Robert, 337. 
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Adams, John, 338. 
Aiton, Alexander Hamilton, 337. 
Alison, John, 346. 
Andrews, H. W., 326. 
Arrol, A. Theodore, 325. 
Arthur, Andrew, 325. 
Barr, Patrick, 325. 
Beedle, Peter D. Ridge, 338. 
Binnie, Thomas, jun., 339. 
Blair, William, 338. 
Boston, Alexander L., 338. 
Brodie, William, 325. 
Brown, J. T. T., 326. 
Bruce, John, 325. 
Buchanan, Andrew, 326. 
Buchanan, A. W. G., 339. 
Christie, James Roberton, 346. 
Christie, William E., 340. 
Clark, James, 327. 
Culbert, James, 327. 
Dewar, David, 342. 
Dunlop, Thomas, 327. 
Ewing, James C, 337. 
Forrester, Alexander M., 338, 
Fulton, James, 325. 
Galbraith, John Alexander, 325. 
Gemmill, Wm., 339. 
Gibb, Robert, 327. 
Goold, James B., 327. 
Grant, Rev. James Bell, 346. 
Grove, John, jun., 337. 
Hamilton, William, 327. 
Harrowes, Rev. Wm. Henderson, 337. 
Hinshelwood, Thomas, 339. 
Irons, Joseph Jones, 327. 
Jackson, Harold D., 325. 
Jubb, John, 337. 
Kerr, William, 327. 
Knox, John, 327. 
Langlands, E. W., 327. 
Lindsay, John, 327. 
Lochhead, Dugald Ferguson, 337. 
Logan, James, 327. 
Macdonald, Charles, 327. 



Macquaker, Thomas, 337. 
Meares, H. P., 338. 
Morton, George, 338. 
Morton, James S., 342. 
Mitchell, Alexander Moncrieflf, 340. 
Munay, Charles Robert, 325. 
Ness, Professor R. Barclay, 325. 
Nisbet, Thomas. 337. 
Oswald, Dr. Landel Rose, 327. 
Parker, George, 337. 
Pearce, C. W. Bream, 346. 
Picken, David Kennedy, 342. 
Sandilands, Robert Douglas, 337. 
Smith, G. Comrie, 339. 
Smith, W. Robertson, 325. 
Stevenson, J- V. , 325. 
Stevenson, John G., 339. 
Trotter, Alexander M., 325. 
Vaughan, J., 327. 
Walker, Alexander, 342. 
Weir, James, 327. 
Wilson, Thomas, 337. 

Method of studying the criminal, Dr Devon 

on a, 59. 
Minutes of Session, 1902-1903, 324-346. 
Minute-book of the Society, extracts from the 

first, 7, 10. 
Miracles, belief in^ in Scotland, 315. 
Mountain building, uniformity in, 153. 
Mountains of circumdenudation, 151 ; of eleva- 
tion, 151. 
Mountain structure, identity of in the 

Grampians and the Alps, 153. 
Money-burial, motives for, 289; cusiodite causa, 

289 ; instances of, 290 ; metus causa, 291 ; 

instances of from Appian, 291 ; instances of 

from Pepys, 292. 
Municipal debt, practice of Parliament, ^'j ; 

principles which should regulate repayment 

of, 90 ; repayment of, opinion in England 

and Scotland, 86. 
Municipal Trading Limited, Arthur Kay on, 

343. 
Muirhead, R. F., on Divergence and Diver- 
give power in elementary optics, 250- 256. 

Nature poetry of the Anglo-Saxons, 310. 
Novelists of the 13th century. Prof. Walter 
Raleigh on, 343. 

Office-bearers of the Society, the first, 4 ; for 

session 1902-1903, 347-349- 
Offerings in honour of S. Kentigern, 320. 
One-apartment death rate, some features of, 

140. 
Opening Address, by Prof, Barr, i. 
Original members of the Society, 3. 
Overfolding, in Dunoon Phylletes, 176; law 
of, in the Southern Grampians, 175. 
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** Partnership," 225, 226. 

Phrenology, the new, Dr Devon on, 51. 

Phylletes of Dunoon and Loch Fyne, 1 55 ; 
microscopic structure of, 170. 

President's opening address, i. 

Preston, on gravitation, 38-40. 

Produce, of British possessions, 258-260; tables 
of British Colonial. 260, 261, 262, 265. 

Properties of the Society, some early, 10. 

Public Bauk, act for erecting a. 244, 245. 

Public debt,' payment o^ Alex. Murray on, 
84. 

Public expenditure in the fostering of com- 
mercial and industrial education, by Dr 
John G. Kerr, 63. 

Rain, negatively electrified, H. Stanley Allen 

on, 112, 113. 
Raleigh, Prof. Walter A., on the Novelists of 

the 13th century, 343. 
Redeker on gravitation, 27. 
Relics of S. Kentigern, 321, 322. 
Religious poetry, minor, of the Anglo-Saxons, 

312, 313. 
Repayment of municipal debt, principles which 

should r^;ulate, 90. 
Report of Council for 1901-1902, 327, 328. 
Report of Library committee, 329. 
Rocks, Highland, age of, 196-199. 
Rock folding and lateral pressure, 150. 
** Round Table" of Edward III., account of, 

from the "Brute," 280, 281. 

S. Kentigern, shrine of, 319-322. 

S. Kentigern and S. Margaret, shrines of, by 
P. MacGregor Chalmers, 315-322. 

S. Kentigern, offerings in honour of, 320, 32 1 ; 
relics of, 321. 322 ; tomb of, 318, 319. 

S. Margaret and S. Kentigern, shrines of, by 
P. MacGregor Chalmers, 315-322. 

S. Margaret's shrine, 315-318; relics of, 3 1 7, 3 1 8. 

Satan in Anglo-Saxon poetry, 309. 

Schists, Geikie on, 152 ; Highland 
boulder bed in, 168 ; Highland, clastic 
origin of, 167 ; Highland, constituents of, 
186; Highland, character of, 179; High- 
land, antigenic constituents in, 179; High- 
land, secondary cleavage planes in, 169 ; 
Highland, cataclastic stiucture in, 169; 
Highland, cleavage in, 170; of clastic origin, 
153 ; clastic, of the Highlands, Macnair on 
the, 163 ; foliation in, Sharpe on, 154 ; in 
the Central Highlands, 1 90 ; zones, differ- 
entiation of, 163. 

Science and Art, state of, in the early part of 
last century, 5. 

Science Lectures Association Fund accounts, 
335. 



Seal of Chapter of Dunfermline, 317; of the 
Chapter of Glasgow, 320, 321. 

Seal of the Society, 10, ii. 

Secondary Education, Dr. Kerr on, 71, 72. 

Shales, black, at Kilmahog, 157. 

Shrines of S. Margaiet and S. Kentigern, by 
r. MacGregor Chalmers, 315-322. 

Sinking Fund, distinguished from Depreciation 
80 ; and Depreciation, by Alexander Murray, 
79 ; the principle of deferring, Mr Johnstone 
on, 89 ; (Glasgow) tables showing rates, 
etc., loi, 102; (Glasgow Corporation) 
summar}* of, 104, 105 ; and interest as 
charges upon capital expenditure, Alex. 
Murray on, 88. 

Slates, microscopic structure of, 170. 

Smart, Prof. William, on Industrial Trusts, 
326. 

Society, origin of the. Prof. Barr on, 2. 

Stewart, W., on Magneto-optic phenomena, 

341. 

Stocks, Glasgow Corporation, Alex. Murray 
on, 98, 99. 

Stonehenge. account of, in the '* Brute," 278. 

Statical charge, Stukes on, no. 

Study of the Criminal, by Dr. Devon, 45. 

Sugar industry. Prof. Elliot on, 266. 

Suivey, the Geological, in the Southern High- 
lands, 162. 

Synclinal and anticlinal folds, 150. 

Telephones' (Glasgow) accounts, Alex. Murray 

on, 97. 
Tenement-house legislation in New York, 143. 
Theory of Ions or Electrons, by H. bianley 

A'len, 106. 
Thermodynamics, law of Clausius, 118 ; first 

law of, 118. 
" Thesaurus," definition of, 289. 
Title, change of Society's, 344, 345. 
"Trade, Encouraging of Forraigne," act for 

the, 241. 
Tramways' ((Glasgow) accounts, Alex. Murray 

on, 93'. 
Treasurer s accounts, abstracts of, 332-335. 

Valley systems, longitudinal and transverse, 

148. 
Vitality v. death rate. Dr. Chalmers on, 129. 
Voltaire, extract frcmi letter of, 20. 

Waste of available energy. Prof. A. Gray on, 

122. 
Wealth, the distril)Ution of, Prof. Smart on, 

67. 
Worn-out work, fund for, Alex. Murrav on, 

83. 
Wroxeter, coin-find in, 295. 
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